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Preface 


I  first  became  interested  in  Enrico  Fermi  in  1970,  when 
I  was  a  junior  in  college.  I  was  taking  a  course  in  the  his¬ 
tory  of  modern  physics  given  by  Professor  Gerald  Holton  at 
Harvard,  and  it  was  at  his  suggestion  that  I  investigated 
the  origin  of  Fermi ®s  theory  of  beta  rays,  making  use  of  some 
rather  unique  materials  in  Professor  Holton’s  possession. 

These  consisted  of  transcripts  of  Interviews  with  many  of 
Fermi's  coL leagues,  made  with  the  purpose  of  putting  together 
a  fiLm  on  Fermi's  Life  in  order  to  convince  high  school  stu- 

i 

dents  that  physicists  are  real  people.  Thus,  besides  much 
Inside  information  on  Fermi  the  physicist,  including  details 
pertaining  to  individual  papers  and  projects,  there  was  also 
a  wealth  of  information,  largely  anecdotal,  on  Fermi  the  man. 

I  was  struck  on  my  first  encounter  with  this  material 
by  the  extraordinary  consistency  between  Fermi's  approach  to 
physics  and  his  approach  to  everything  else;  for  want  of  a 
better  word,  a  consistency  of  style.  There  is  nothing  very 
start  Ling  in  such  an  observation,  perhaps,  reflecting  as  it 
does  the  psychological  commonplace  that  one  is,  after  all, 
the  same  person  from  minute  to  minute  and  from  day  to  day. 

i 

These  interviews  were  coLLected  by  Harvard  Project  Physics 
for  the  film,  "The  tforld  of  Enrico  Fermi".  Transcripts  are 
in  the  possession  of  Prof.  HoLton;  unfortunately,  as  they  are 
confidential,  reference  to  them  in  this  thesis  must  remain 
anonymous,  although  specified  by  volume  and  page. 


; 

!  j  J 


iii- 


But,  being  young  and  sophomoric,  I  was  intrigued  with  it,  and 
decided  to  look  into  the  matter  further.  It  was  then  that 
the  real  surprise  came.  I  found  that  in  all  the  psychological 
literature,  the  amount  of  study  that  has  been  devoted  to  sci¬ 
entists  has  been  meager  indeed;  that  almost  no  one  has  given 
much  thought  (at  least  on  paper)  to  the  Idea  of  style  in 
science,  even  though  it  seems  to  be  a  well-recognized  concept 
among  scientists;  and  that  even  less  consideration  has  been 
given  to  the  idea  that  a  scientist’s  personality  might  have 
something  to  do  with  the  kind  of  work  he  does,  and  the  way  he 
does  it. 

Not  to  be  deterred  by  this  Impressive  lack  of  previous 
investigation  on  the  subject,  I  forged  ahead  and  attempted 
to  make  the  best  sense  I  could  at  the  time  of  Fermi’s  person¬ 
ality  and  scientific  behavior.  Now,  four  years  later,  I  feel 
better  equipped  to  do  justice  to  the  subject  and  to  deal  more 
directly  with  the  Issues  raised  above. 

In  this  paper,  I  will  begin  by  offerring  some  possible 
explanations  for  the  neglect  of  scientists  by  psychology,  in 
particular  by  psychoanalysis,  and  by  outlining  the  method¬ 
ological  guidelines  I  will  folLow  in  this  essay.  Then  I  will 
define  what  I  mean  by  "style",  both  psychological  and  scien¬ 
tific.  The  main  body  of  the  paper  will  be  an  attempt  to 
describe  Fermi  and  his  physics  as  a  stylistically  coherent 
whole.  Finally,  I  will  speculate  briefly  on  the  Implications 
of  this  understanding  of  Fermi  with  respect  to  the  concept 
of  creativity  in  science. 


.  . 
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CHAPTER  I 


INTRODUCTION; 

MATERIALS  AND  METHODS 

The  bald,  statement  that  psychology  has  neglected  to  study 
scientists  naturally  requires  some  qualification.  There  is 
a  small  group  of  psychologists  who  have  made  the  study  of 
scientists  and  scientific  creativity  their  province.  Perhaps 

i 

most  notable  among  these  is  Roe.  She  has  interviewed  in 
depth  and  tested  in  a  variety  of  ways  a  large  number  of  emin¬ 
ent  scientists  in  a  variety  of  fields,  and  has  arrived  at  some 
interesting  and  widely  quoted  conclusions.  She  has  found 
significant  correlations  between  choice  of  field  (i.e.,  social 
science  vs.  biology  vs.  physical  science)  and  family  back¬ 
ground,  scores  on  intelligence  tests  of  various  sorts,  types 
of  imagery  used  in  scientific  work,  and  Rorschach  and  TAT 
responses.  These  results  provide  a  solid  foundation  for 
understanding  some  of  the  psychological  determinants  of  the 
choice  of  a  particular  field  in  science;  however,  Roe’s 
studies  were  not  designed  to  illuminate  the  question  of  how 
an  individual’s  personality  determines  his  particular  approach 
to  his  particular  field,  as  contrasted  with  others  in  the 
same  field  (that  is,  his  scientific  style),  which  is  the  main 

^Anne  Roe,  The  Making  of  a  Scientist  (New  York:  Dodd,  Mead,  1953). 
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question  to  be  explored  in  this  paper.  Of  course,  to  the 
extent  that  choice  of  field  represents  an  aspect  of  style, 

Roe’s  studies  are  relevant.  I  will  return  to  this  when  I  dis¬ 
cuss  some  of  the  salient  aspects  of  the  evolution  of  Fermi’s 
career. 

I  would  Like  to  discuss  the  work  of  another  psychologist, 
McClelland,2  partly  because  of  its  relevance  to  Fermi,  but 
mainly  to  illustrate  the  theoretical  and  methodological  lim¬ 
itations  inherent  in  the  experimental  approach  to  the  psychology 
of  scientists.  McClelland  is  interested  in  motivation,  par¬ 
ticularly  achievement  motivation,  and  originally  took  up  the 
problem  of  the  motivation  of  scientists  because  of  the  finding 
in  several  studies  (including  those  of  Roe  and  of  Knapp  and 
Goodrich3)  that  radical  Protestant  backgrounds  are  overrep¬ 
resented  among  scientists.  This  suggested,  because  of  the 
"Protestant  ethic"  emphasis  on  achievement,  a  relationship 
between  science  and  achievement  motivation,  but  experiments 
designed  to  test  this  hypothesis  did  not  confirm  it.  McClel¬ 
land  then  hypothesized,  on  the  basis  of  data  which  Roe  had 
obtained  on  the  TAT  (namely,  that  scientists  are  very  low  on 
aggressive  themes,  and  when  faced  with  a  problem  in  aggression 
generally  attempt  to  minimize  or  avoid  it),  that  aggressive 
motivation  was  primarily  involved  in  the  choice  of  science  as 
a  career.  He  felt  this  was  consistent  with  the  discipline 

2DavidC.  McClelland,  "The  Psychodynamics  of  Creative  Physical 
Scientists,"  in  The  Roots  of  Consciousness  (Princeton:  D.  Van 
No strand  Company,  1964),  pp.  146-181. 

3 

R.H.  Knapp  and  H.B.  Goodrich,  Origins  of  American  Scientists 
(Chicago:  University  of  Chicago  Press,  1952 ). 
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and  high  Level  of  frustration  of  the  strict  Protestant  back¬ 
ground,  with  science  representing  sublimation  of  the  aggres¬ 
sive  motivation  engendered  by  such  frustration; 

It  is  certainly  part  of  the  folklore  of  science  that 
it  represents  an  attempt  to  conquer  nature,  to  dominate 
it  and  bring  it  under  man’s  control ...At  a  more  personal 
Level,  we  have  noted  that  the  scientist  is  intensely 
analytic  in  his  approach  to  experience*  His  response  is 
to  freeze  the  flux  of  reality... to  take  experience  apart 
and  see  what  makes  It  tick.  It  is  no  mere  metaphor  to 
say  that  analysis  represents  a  form  of  aggression.  To 
take  something  apart  is  to  destroy  it  in  a  very  real 
sense. ^ 

McClelland  goes  on  to  provide  additional  data  to  support  this 
hypothesis,  but  becomes  Intrigued  by  another  possibility  sug¬ 
gested  by  the  results  of  a  phrase-preference  test,  in  which 
scientists  preferred  descriptions  of  nature  represented  as  a 
maternal  image,  and  not  descriptions  with  a  dominating,  con¬ 
quering  motif.  Together  with  Rorschach  evidence  of  low  body 
boundary  and  high  prlmitivity  of  object  choice  among  scientists, 
and  their  notable  preference  for  music  as  opposed  to  art  and 
poetry,  McClelland  hypothesizes  a  second  type  of  motivation 
in  which  the  scientist  "fuses  with  nature,"  feels  himself  to 
become  "one  with  nature"— in  other  words,  with  science  pro¬ 
viding  a  means  for  gratifying  rather  primitive  fantasies.  He 
attempts  to  explain  this  theme  dynamically  as  a  result  of  the 
same  forces  (i.e.,  a  high  level  of  frustration  presumed  to 
exist  in  a  radical  Protestant  family)  he  used  to  account  for 
the  "conquering"  theme; 

Impulses  denied  expression  in  real  life... may  work  them¬ 
selves  out  in  childish  fancies  that  give  a  great  deal  of 
pleasure. . .The  scientist’s  interest  in  nature  represents 


^McClelland,  op.  clt . ,  pp. 171-172. 
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not  only  a  flight  from  people  and  a  turning  of  aggression 
into  new  channels,  it  also  permits  him  to  continue  indul¬ 
ging  childlike  fantasies  originally  developed  out  of  a 
frustrated  impulse  life, -5 

McClelland  takes  his  hypothesis  even  a  step  further,  speculating 

on  the  relative  importance  of  the  two  themes  to  different 

scientists,  and  thus  begins  to  touch  on  the  problem  of  style: 

It  is  my  guess  that  among  ''pioneer"  scientists,  pleasure 
in  imaginative  play  is  the  more  Important  determinant 
of  scientific  interest,  and  that  for  "colonizing"  sci¬ 
entists  who  build  on  the  explorations  of  the  pioneers, 
pleasure  In  the  conquest  of  nature  is  the  more  impor¬ 
tant  determinant.^ 


There  is  much  food  for  thought  here.  Clearly,  McClelland 
means  only  to  be  forming  hypotheses  for  investigation,  and  we 
thus  should  not  fault  him  for  overstepping  the  bounds  of  his 
data.  The  main  problem,  I  think,  is  whether  the  Issues  Model 
land  raises  can  be  resolved  by  the  methods  he  and  Roe  and  the 
rest  of  the  psychologists  in  the  field  have  been  using.  They 
are  essentially  issues  of  individual  psychodynamics,  and  as 
such  are  closely  related  to  clinical  work,  while  the  methods 
are  those  which  generate  quantitative  data  in  an  attempt  to 
achieve  statistical  significance  for  generalizations  about  a 
group.  Kubie,  a  psychoanalyst  and  a  leader  in  creativity 
research,  recognized  some  time  ago  the  need  for  a  different 
approach:  in-depth  study  of  individual  case  histories  with 
the  aim  of  delineating  specific  dynamic  patterns  and  their 
relation  to  the  scientist’s  work.  He  urged  that  systematic 
investigation  be  made  into 


5Ibld..  pp. 176-177. 
6Ibld..  p.177. 
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slgnificant  relationships  between  masked  neurotic  com¬ 
ponents  in  the  personality  of  an  apparently  normal  sci¬ 
entist,  and  such  things  as  (a)  the  field  of  work  which 
he  chooses;  (b)  the  problems  within  that  fieLd  which  he 
chooses  to  investigate;  (c)  the  clarity  with  which  he 
habitually  uses  his  native  capacity  for  logical  thinking; 

(d)  the  ways  in  which  he  attacks  scientific  problems; 

(e)  the  scientific  causes  which  he  espouses;  (f)  the  con¬ 
troversies  in  which  he  becomes  entangled  and  how  he 
fights;  and  (g)  the  Joy  or  sorrow  which  is  derived  from 
the  work  itself  and  aLso  from  its  ultimate  success  or 
failure. 7 

For  the  moment  I  will  leave  aside  the  important  issue  of  neur¬ 
osis  which  Kubie  raises;  the  main  thing  to  note  here  is  that 
these  relationships,  which  many  have  observed  casually  and 
some  have  reported  anecdotally,  have  never  been  systematically 
explored--even  for  a  singLe  individual.  Kubie  has  in  mind 
a  cLinicaL  psychoana Lytic  investigation  of  living  scientists. 

The  present  study  of  Fermi  can  not,  of  course,  be  cal  Led  clin¬ 
ical.  But  the  use  of  the  psychoanalytic  method  in  the  histor¬ 
ical/bi  ographicaL  context  shares  a  great  deal  methodologically 
with  its  use  in  the  clinicaL/therapeutic  context.  Just  how 
much  it  shares  requires  some  comment. 

But  first  I  would  Like  to  comment  on  the  failure  of  psycho¬ 
analysts  to  have  undertaken  such  a  study  in  all  the  years  since 
Freud  first  put  forth  his  theories  of  neurosis,  a  failure  which 
is  aLL  the  more  remarkable  in  light  of  the  early  fashion  (now 
Largely  passe,  for  reasons  I  will  discuss  presently)  of  "path- 
ography, "  a  kind  of  psychoanalytic  biography  of  famous  creative 
individuals,  which  included  musicians,  artists,  philosophers, 
and  writers,  but  never  scientists.^  Such  an  omission,  especiaLLy 


^Lawrence  S.  Kubie,  "Some  Unsolved  ProbLems  of  the  Scientific 
Career,"  part  I,  American  Scientist  41,  no. 4,  Oct.  1953*  P.597 • 

o 

Freud's  study  of  Leonardo  (Leonardo  da  Vinci:  A  Psychosexual 
Study  of  an  Infantile  Reminiscence.  A. A.  Brill  translator, 

New  York;  Moffat,  Yard  &  Co.,  191&)  and  Hltschmann*s  study  of 


-6- 


by  psychoanalysts,  who  are  in  the  professional  habit  of 
searching  out  significant  omissions,  demands  an  explanation. 
Several  possibilities  present  themselves.  First,  one  must 
consider  the  historical  period  in  which  pathography  was  in 
vogue  (in  psychoanalytic  circles),  and  the  status  of  psycho¬ 
analysis  as  a  discipline  at  that  time.  During  the  first 
twenty  years  of  this  century  it  was  regarded  with  suspicion 
and  one  would  describe  its  status  as  tenuous  at  best.  The 
defensive  flavor  of  Freud* s  early  writings  is  well  known,  and 
much  of  his  defense  consisted  in  demonstrating  that  psycho¬ 
analysis  was  a  science,  with  aLL  the  respectability  such  a 
title  was  expected  to  confer  at  that  time.  The  naive  belief 
in  the  absolute  impersonal  objectivity  of  science  was  quite 
prevalent;  Freud  wrote  himself  of  the  superiority  of  psycho¬ 
analysis  as  a  science  in  understanding  Love  when  compared  to 
the  works  of  poets  and  writers,  who  "are  bound  to  certain  con¬ 
ditions;  they  have  to  evoke  intellectual  and  aesthetic  pleasure 
as  well  as  certain  effects  on  the  emotions.  For  this  reason 
they  cannot  reproduce  reality  unchanged. "9  a  similar  attitude, 
even  more  to  the  point,  is  revealed  by  Hitschmann,  a  devoted 
pathographer,  when  he  says,  "...every  product  of  the  mind — ■ 
if  it  is  not  the  result  of  consequent  scientific  research— 
is  permeated  by  the  subjectivity  of  its  creator  and  must  show 
tendencies  which  of  necessity  have  their  source  in  the  per- 

Goethe  (in  Great  Men:  Psychoanalytic  Studies,  edited  by 
Sydney  G.  Margolin,  New  York,  International  Universities 
Press,  1956)  are  notable  exceptions  which  prove  the  rule,  in 
that  these  two  men,  although  scientists,  were  aLso  noted  for 
their  artistic  and  literary  accomplishments,  which  were  the 
centraL  reasons  for  studying  them  psychoanalytical Ly. 


9 


Sigmund  Freud,  "Contributions  to  the  Psychology  of  Love:  A 
Special  Type  of  Choice  of  Object  Made  by  Men"  in  On  Creativity 
and  the  Unconscious  (New  York:  Harper  &  Row,  1958)*  p.162. 
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sonality  and  psyche  of  the  individual...'*10  Such  a  blunt  ex¬ 
clusion  of  science  from  the  sphere  of  psychological  inves¬ 
tigation  suggests  that  the  defense  of  isolation  is  being  used 
by  a  scientist  to  protect  himself  from  such  an  investigation. 

However,  there  is  more  than  defensiveness  in  the  neglect 
of  science  by  psychoanalysis.  Another  factor,  also  related  to 
the  early  history  of  psychoanalysis,  derives  from  the  nature 
of  the  theory  itself.  During  the  period  when  pathography  was 
at  its  height,  psychoanalysis  was  mainly  concerned  with  the 
study  of  the  instincts  and  their  transformations.  The  clin¬ 
ical  method  which  corresponds  to  this,  of  course,  is  the  use 
of  material  which  is  considered  to  give  more  or  Less  direct 
access  to  the  unconscious,  namely,  dreams,  parapraxes,  and 
fantasies,  by  means  of  free  association.  In  the  biographical 
situation,  as  was  noted  above,  such  material  is  ordinarily 
not  available;  however,  by  means  of  a  few  assumptions,  the 
pathographer  was  able  to  apply  psychoanalytic  principles  to 
his  data.  Thus,  Hitschmann  states  that,  "Works  of  art,  in 
so  far  as  they  represent  fantasies,  autobiographical  details 
and  characteristic  subject  matter  of  a  given  artist,  lie 
within  the  concept  of  free  association  and  in  many  instances 
psychoanalytic  psychology  can  be  applied."11  Freud  states 
more  explicitly  the  nature  of  the  analyst’s  interest  in  studying 
creative  works: 

I  have  often  observed  that  the  subject  matter  of  works 
of  art  has  a  stronger  attraction  for  me  than  their  formal 
and  technical  qualities,  though  to  the  artist  their  value 
Lies  first  and  foremost  in  the  latter.  I  am  unable 
rightly  to  appreciate  many  of  the  methods  used  and  the 
effects  obtained  in  art.  Nevertheless,  works  of  art  do 
exercise  a  powerful  effect  on  me... This  has  occasioned  me, 

10Hitschmann,  op.  cit . ,  p.36.  1 1Ibld. ,  p.8. 


. 
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when  I  have  been  contemplating  such  things,  to  spend  a 
long  time  before  them  trying  to  apprehend  them  in  my 
own  way,  i.e.,  to  explain  to  myself  what  their  effect  is 
due  to.  Wherever  I  cannot  do  this,  as  for  Instance  with 
music,  I  am  almost  incapable  of  obtaining  any  pleasure... 

In  my  opinion,  it  can  only  be  the  artist's  intention,  in 
so  far  as  he  has  succeeded  in  expressing  it  in  his  work 
and  in  conveying  it  to  us,  that  grips  us  so  powerful, Ly. 

I  realize  that  it  cannot  be  merely  a  matter  of  inteLLec- 
tual  comprehension;  what  he  aims  at  is  to  awaken  in  us 
the  same  emotional,  attitude,  the  same  mental  constellation 
as  that  which  in  him  produced  the  impetus  to  create.12 

Thus,  since  the  content  of  scientific  works  was  not  con¬ 
sidered  to  be  related  to  the  scientist's  fantasies,  science 
was  neglected  as  something  to  be  apprehended  psychoanaLyticaLLy. 
The  emphasis  on  content  as  opposed  to  style  in  artistic  works 
clearly  derives  from  the  psychoanalytic  emphasis  on  the  con¬ 
tent  of  fantasies  as  a  means  of  understanding  the  instinctual 
processes.  It  is  interesting  that  Freud  mentions  his  difficulty 
in  enjoying  music  as  due  to  his  failure  to  be  able  to  explain 
its  emotional  effect  on  him;  besides  a  reflection  of  Freud's 


concreteness  and  compulsion  to  explain,  this  probably  also 
reflects  the  fact  that  the  content  of  music,  like  that  of 
science,  is  not  easily  understood  as  the  product  of  fantasy. 


the  absence  of 

The  additional  factor  in  the  case  of  science  of.any  emotional 


goal  helps  to  explain  Freud's  omission  of  science  from  the 
list  of  creative  activities  amenable  to  study  by  psychoanalytic 
principles. 


But  this  is  not  to  say  that  science  cannot  be  so  studied; 
it  only  suggests  that  the  content  of  science  not  be  the  focus 
of  investigation,  and  that  the  emphasis  on  instincts  be  shifted. 


12Sigmund  Freud,  "The  Moses  of  Michelangelo”  in  On  Creativity 
and  the  Unconscious,  p.ll,  (Originally  published  anonymously 
in  Imago  III.  1914-).  Translated  by  Alix  Strachey. 
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The  advent  of  ego  psychology  in  the  post-Freudian  history  of 
psychoanalysis  makes  the  latter  theoretically  Justifiable, 
while  the  Limitations  of  the  available  data  in  any  historical 
study,  and  particularly  in  the  case  of  Fermi,  dictate  such  a 
shift  on  practical  grounds.  Converse Ly,  to  study  a  inan*s 
scientific  style  rather  than  the  content  of  his  scientific 
work  is  more  difficult;  in  Fermi  * s  case,  however,  the  appropriate 
data  are  quite  rich  in  this  regard. 

What,  then,  are  we  to  take  for  methodological  guidelines 
in  writing  a  study  of  a  great  man  which  attempts  to  achieve 
some  psychological  insight  into  his  creative  processes?  Edel 
has  written  at  some  Length  about  this  subject  with  regard  to 
Literary  figures, and  it  is  worth  while  examining  what  he 
says  for  its  relevance  to  scientists  and  to  my  study  of  Fermi. 

EdeL  points  out  that  the  first  problem  which  presents  it- 
seLf  to  the  biographer  is  that  he  has  not  known  the  subject 
personally;  this  is  especially  a  problem  for  the  biographer 
who  wants  to  use  psychoanalytic  concepts,  since  the  essence 
of  the  psychoanalytic  method,  in  the  cLinlcaL  situation  at 
least,  is  the  interaction  between  subject  and  observer.  Cer¬ 
tainly,  even  in  the  absence  of  such  a  special  problem,  the 
biographer  can  not  hope  for  the  vividness  of  description 
achieved  by  an  intimate  of  the  subject,  such  as  BosweLL 
achieved  with  Johnson.  But,  though  he  "hears  only  the  rustLe 
of  the  pages  amid  the  silence  of  the  tomb,"l4  the  distant 
biographer  has  a  wider  perspective  and  presumably  less  pre- 

^Leon  EdeL,  Literary  Biography.  The  Alexander  Lectures, 

1955-56.  (London:  Rupert  Hart-Davis,  1957)* 

l4Ibld..  p. 19. 
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conceptlon  of  his  subject’s  personality.  Also,  and  here  we 

can  begin  to  see  the  relevance  of  the  clinical  method: 

Not  having  the  testimony  of  his  own  eyes,  he  finds  he 
must  use  the  testimony  of  others;  and  then  he  discovers 
that  the  testimony  is  often  contradictory  and  invariably 
colored  by  individual  points  of  view.  But  again,  pre¬ 
cisely  this  awareness  of  contradictions  may  give  the 
distant  biographer  a  marked  advantage  in  his  search  for 
the  truest  picture. ^5 

Thus,  EdeL  stresses  the  importance  of  adopting  a  critical 
stance  towards  biographical  data  and  source  materials.  Such 
a  stance  is  commonplace,  in  fact  essential,  in  clinical  work, 
but  not  often  encountered  in  biography.  In  evaluation  of  a 
given  document,  in  deduction  of  significant  relationships, 
and  in  resolution  of  contradictions  which  inevitably  present 
themselves,  the  biographer  must  be  guided  by  his  knowledge 
that  all  was  produced  by  a  single  individual  who  is  to  be 
understood  as  a  consistent  whole.  Again,  this  is  precisely 
analogous  to  the  situation  of  the  psychoanalyst  in  the  clin¬ 
ical  situation,  except  that  the  cLiniclan  is  working  under  the 
disadvantage  of  not  having  a  whole  life  before  him  on  which 
to  base  his  deductions;  indeed,  as  Erikson  has  pointed  out, 
in  the  therapeutic  encounter,  the  clinician  has  by  definition 
put  himself  into  an  interrupted  Life,  and  is  obliged  to  make 
history  as  he  takes  it,  "correcting  events  as  he  records  them 
and  recording  as  he  directs.  But  the  underlying  assumption 

is  essentially  the  same: 


^Ibid.,  p. 20 . 

^Erik  H.  Erikson,  "On  the  Nature  of  Clinical  Evidence"  in 
On  Evidence  and  Inference.  Daniel  Lerner  ed.,  Daedalus 
(Journal  of  the  American  Academy  of  Arts  and  Sciences ) , 
Fall,  1958»  p.69. 


' 


It  is,  of  course,  the  basic  synthesizing  trend  in  clinical 
material  itself  which  permits  the  clinician  to  observe 
with  free-floating  attention,  to  refrain  from  undue  inter¬ 
ference,  and  to  expect  sooner  or  Later  a  confluence 
of  the  patient* s  search  for  curative  clarification  and 
his  own  endeavor  to  recognize  meaning  and  relevance.1' 

There  is  no  strict  analogy  in  the  biographical  situation  to 
the  "patient* s  search  for  curative  clarification,"  of  course; 
and  again,  the  method  of  free  association  is  unavailable.  But 
there  is  an  analogy  between  the  therapeutic  process  in  psycho¬ 
analysis  and  the  biographer’s  view  of  the  life  of  an  individual 
as  an  effort  to  synthesize  and  integrate  the  various  underlying 
themes  and  aspects  of  personality  which  can  be  observed  in  his 
actions. 

£rikson*s  comments  about  "free-floating  attention"  are 
of  additional  methodological  significance  in  the  biographical 
context,  and  again  mesh  with  Edel*s  remarks  about  the  use  of 
the  psychoanalytic  method  in  biography.  Each  provides  an 
example  of  the  use  of  the  method,  Erlkson  in  a  clinical  and 
EdeL  in  a  biographical  situation,  and  each  underscores  the 
hazards  of  the  method.  Erikson,  having  recounted  a  patient’s 
dream,  says  to  us: 

As  I  turn  to  the  task  of  indicating  what  inferences  helped 
me  to  formulate  one  of  the  most  probable  of  the  many 
possible  meanings  of  this  dream  report  I  must  ask  you  to 
Join  me  in  what  Freud  has  called  "free-floating  attention" 
which,  far  from  focusing  on  any  one  item  too  intentionally 
rather  waits  to  be  impressed  by  recurrent  themes... It  is 
rather  the  graduaL  establishment  of  strategic  intersec¬ 
tions  on  a  number  of  tangents  which  makes  it  possible  to 
locate  in  the  observed  phenomena  that  core  which  comprises 
the  "evidence". 10 

Failure  to  observe  this  methodological  guideline  is  encountered 
frequently  in  pathography,  not  through  carelessness  but  simply 
through  lack  of  sufficient  data,  and  may  be  an  important 


18 


^Ibid..  p.78 


Ibid. ,p.72 
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reason  for  its  faLL  from  fashion;  it  is  also  a  major  objection 
many  have  to  the  use  of  the  psychoanalytic  method  in  the 
clinical  situation,  A  plausible  chain  of  reasoning  in  a  single 
direction  from  a  given  set  of  data  can  only  be  a  hypothesis, 
to  be  confirmed  or  falsified  by  data  from  an  independent  source 
yet  such  chains  of  reasoning  are  often  accepted  uncritically  as 
proof.  This  is  particularly  so  when  material  is  dealt  with 
on  the  symbolic  Level.  EdeL  generates  an  example  from  his 
knowledge  of  Willa  Cather.^9  He  gives  a  standard,  and  quite 
convincing,  psychoanalytic  interpretation  of  the  symbolism 
of  one  of  her  novels,  and  then  proceeds  to  formulate  conclu¬ 
sions  about  the  dynamics  of  the  author.  One  realizes  the  ten¬ 
uousness  of  such  conclusions,  and  therefore  the  danger  of  the 
method,  only  after  EdeL  subsequently  provides  an  analysis  which 
proceeds  in  the  opposite  direction,  that  is,  from  an  under¬ 
standing  of  Gather  as  a  whole  person,  including  a  familiarity 
with  her  Literary  work  as  a  whole,  along  with  the  particular 
circumstances  of  her  Life  surrounding  the  novel  in  question, 
and  thence  to  an  understanding  of  the  novel* s  symbolism,  with 
conclusions  quite  different  from  those  derived  initially.  This 
is  quite  analogous  to  the  clinical  pitfaLL  of  interpreting 
dream  symbolism  solely  according  to  "universal "  symbols, 
without  regard  to  the  roles  of  idiosyncrasy  and  the  previous 
day’s  events.  Erikson,  in  discussing  dream  interpretation, 
points  out  that  one  must  begin  with  an  inventory  of  config¬ 
urations,  "against  which  the  student  can  check  the  individual 
dream  production  for  present  and  absent  dream  configurations... 
Such  a  methodological  step  is  elementary,  but  clinical  wor- 


l^Edel,  o£.  clt . .  pp.60ff 


* 

, 

, 


* 

V 


-13- 


kers  often  faiL  to  make  explicit,  even  to  themselves,  what 
inventories  of  evidential  signs  they  regularly  but  unwitting Ly 
scan."20  The  key  point  is  that  there  must  be  an  explicitly 
stated  conceptual  system  in  order  to  allow  reliable  use  of 
evidence:  "There  is  enough  method  in  our  work  systematically  to 
force  favorite  assumptions  to  become  probable  inference  by 
cross-checking  them  diagnostically,  geneticaLiy,  structurally, 
and  in  a  number  of  other  ways,  all  sufficiently  systematized 
to  allow  for  orderly  discussion."2! 

Another  pitfall  in  biographical  work  which  has  its  par¬ 
allel  in  clinical  work  is  the  unwitting  introduction  of  dis¬ 
tortion  by  the  biographer  with  an  ulterior  motive  in  writing 
the  life  of  his  subject,  a  problem  recognized  by  Freud  in  the 
epilogue  to  his  study  of  Leonardo.22  The  psychoanalytic  method 
again  supplies  a  solution  by  recognizing  that  there  is  always 
an  ulterior  motive  in  such  studies,  just  as  there  is  always 
counter-transference  in  the  clinical  situation.  By  becoming 
conscious  of  such  factors  the  investigator,  whether  clinical 
or  historical,  not  only  reduces  the  possibility  of  distortion 
but  also  in  fact  adds  a  new  tool  to  his  investigation  which  can 
afford  him  insight  which  is  otherwise  unavailable.  Srikson 
refers  to  this  as  a  "core  of  disciplined  subjectivity. . .which 
it  is  neither  desirable  nor  possible  altogether  to  replace 
with  seemingly  more  objective  methods  which  originate,  as  it 
were,  in  the  machine-tooling  of  other  kinds  of  work. "23 

22Freud,  Leonardo.  p.!15ff* 


20£rlkson,  ojd.  cit . «  p.74 
2!lbid . .  p.86. 


^Erikson,  °P«  cit. .  p.68 
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Having  explored,  some  of  the  similarities  between  clinical 
and  biographicaL  methodology,  I  should  aLso  mention  some  of  the 
differences.  A  central  one,  which  has  already  been  touched 
on,  is  the  source  of  data.  The  clinician,  being  party  to  the 
therapeutic  contract,  is  thereby  entitled  to  generate  his  own 
data  via  the  therapeutic  encounter:  in  the  course  of  therapy, 
by  virtue  of  the  interaction  between  clinician  and  patient, 
facts  previously  unknown  to  both  can  be  discovered  at  the  insti¬ 
gation  of  the  clinician  seeking  to  answer  a  question.  The 
biographer,  on  the  other  hand,  is  limited  by  the  finiteness  of 
his  material:  no  matter  how  hard  he  searches,  some  of  the  most 
important  questions  may  go  unanswered.  And  yet,  the  type  of 
Information  with  which  he  deals  is  not  that  different: 

In  the  psychoanalytic  process  the  analyst  has  constant 
access  to  the  symbol-life  of  his  subject — -dreams;  modes 
of  expression  (such  as  slips  of  the  tongue  and  pen); 
association;  the  interconnections  of  experience,  ration¬ 
alization,  involuntary  memory,  the  events  of  everyday 
life.  A  biographer  also  deaLs  in  such  materials:  they 
are  the  ones  I  have  pictured  to  you  as  cluttering  his 
Large  table.  But  what  a  difference  there  is  between 
having  such  inert  data  on  a  desk  and  having  the  subject 
in  front  of  you  in  a  chair  or  on  a  couch!  A  biographer 
can  never,  in  reality,  psycho-analyse  his  documents; 
and  yet  he  is  concerned  with  the  same  kinds  of  symbols 
as  the  psychoanalyst. 24 

Thus,  the  biographer  must  recognize  the  Limitations  of  bis 
data.  Fortunately,  because  he  is  not  party  to  a  therapeutic 
contract,  the  biographer  does  not  share  the  clinician's  respon¬ 
sibility  for  finding  practical  solutions. 

Another  difference  between  clinician  and  biographer  is 
the  difference  in  motivation.  The  clinician  becomes  involved 


24 


EdeL,  o£.  cit . .  p»5^ 
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ln  trying  to  make  sense  out  of  a  Life  via  the  therapeutic 
contract;  the  biographer’s  motivation  is  Less  clear-cut. 

EdeL  points  out  that 

...surely  the  writing  of  a  Literary  Life  would  be  nothing 
but  a  kind  of  indecent  curiosity,  and  an  invasion  of 
privacy,  were  it  not  that  it  seeks  always  to  illuminate 
the  mysterious  and  magical  process  of  creation. 2 -5 

Indeed,  the  "indecent  curiosity"  of  many  a  pathographer  was 

another  factor  responsible  for  the  decline  of  psychoanalytic 

biography,  for  as  EdeL  notes,  "...the  process  of  app Lying 

psychoanalysis  to  literature  in  a  pureLy  diagnostic  sense 

invariably  ends  up  by  reducing  the  artist  to  a  neurosis."2® 

Freud  aLso  cautioned  against  the  use  of  psychoanaLysis  in 

this  way,  at  the  same  time  defending  the  method  against  the 

bLanket  criticism  of  those  who  have  a  neurotic  interest  in 

maintaining  a  unrealistically  superhuman  image  of  great  men.2? 

The  concLusion  to  be  drawn  once  again  is  that  it  is  essentiaL 

for  the  biographer  to  recognize  his  own  motivation,  and  to 

have  some  higher  goal  than  simpLy  the  writing  of  a  case  history. 

How  does  the  biography  of  a  scientist  differ  from  that 

of  an  artist  or  literary  figure?  Here  we  return  to  the  issue 

of  content  vs.  style  raised  earlier.  For  Literary  figures, 

"biographical  curiosity,  more  often  than  not,  begins  in  this 

way:  what  sort  of  man,  we  ask,  is  addressing  us,  and  how  and  why 

did  he  come  to  say  the  things  he  is  saying?"2®  This  refLects 

essentially  the  same  interest  in  the  psychological  content 

of  the  creative  product  that  Freud  expressed,  and  contains  the 

nexus  of  the  difficuLty  of  writing  about  a  scientist  in  this 

25Edel,  op.  clt. .  p.3» 

26 


Ibid.,  p.58 


2?Freud,  Leonardo,  p.115 
2®EdeL,  o£.  clt. .  p. 22 . 
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manner:  the  scientist  is  not  addressing  us,  but  rather  nature 

and  other  scientists.  And  yet,  psychoanalytic  theory  does 

not  allow  us  to  isolate  a  man's  personality  from  his  work: 

There  is  no  poet  or  prose  writer  who  forges  a  style  and 
achieves  transcendant  utterance  without  stamping  his 
effigy  on  both  sides  of  every  coin  he  mints.  A  style, 
it  has  been  said,  is  a  writer's  passport  to  posterity. 
This  is  another  way,  I  suppose,  of  saying  that  the 
style  is  the  man.  The  biographer  can  thus  argue,  with 
equal  validity,  that  the  man  is  the  style.  Indeed, 
this  is  what  he  is  always  trying  to  show.4-? 

I  believe  that  Edel's  comments  apply  equally  well  to  scien¬ 
tists.  The  problem  is  that  style  in  science  is  not  very 
visible  in  the  final  product  of  the  creative  process.  The 
ethos  of  science  is  such  that  aLmost  all  traces  of  individ¬ 
uality  are  removed  from  a  work  before  it  is  presented  to  the 
rest  of  the  world;  the  scientist  is  required  to  erase  his 
effigy  from  the  coins  he  mints.  This  is  as  it  should  be; 
in  fact,  it  is  the  essence  of  scientific  "objectivity".  But 
it  makes  it  difficult  to  draw  any  psychological  conclusions 
from  the  scientific  works  themselves.  One  must  therefore 
look  elsewhere  for  information  about  scientific  style. 

One  final  question  regarding  methodology:  how  is  a  psych¬ 
ological  biography  to  be  structured?  Edel  sees  three  types 
of  biography:  chronicLe,  portrait,  and  novelistic.  The 
essential  difference  among  these  revoLves  around  the  use  of 
time.  The  chronicle  is  the  type  of  biography  one  is  accus¬ 
tomed  to  encounter  most  frequently,  especially  among  biogra¬ 
phies  of  scientists:  it  begins  at  the  subject's  birth  and 
proceeds  with  relentless  chronology  to  his  death,  and  consists 
mainly  of  undigested  source  materia L»  Such  a  biography  is 


29lbid. ,  p.4l 
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not  conducive  to  psychological  appraisal,  but  rather  to  cliched 
praise  of  its  subject.  The  portrait  is  able  to  give  a  more 
accurate  psychological  picture  by  abandoning  strict  chronoLogy, 
but  tends  to  be  static  rather  than  dynamic.  The  noveListic 
biography,  on  the  other  hand,  embodies  the  psychoanalytic 
method  and  the  concept  of  condensation  in  its  critical  reor¬ 
ganization  of  material  which  demands  breaking  of  time  barriers, 
clustering  of  disparate  elements,  and  magnifying  of  certain 
events  according  to  how  they  were  experienced;  it  is  clearly 
the  most  appropriate  way  to  structure  a  biography  which  at¬ 
tempts  to  achieve  some  psychological  insight  into  its  subject. 

A  couple  of  examples  will  serve  to  iLLustrate  this  point. 

I  have  neglected  thus  far  to  mention  ManueL's  Portrait  of 
Isaac  Newton30  as  an  exampLe  of  a  psychoanalytic  biography  of 
a  scientist,  even  though  he  makes  frequent  use  of  psychoana¬ 
lytic  concepts,  precisely  because  his  study  falls  short  of 
many  of  the  structural  and  methodological  criteria  I  have  been 
elaborating.  Despite  its  title,  Manuel’s  study  is  a  chronicle, 
an  impressive  mountain  of  obviously  exhaustively  researched 
data  set  down  in  chronological  order.  The  brief  flashes  of 
psychological  insight  dispersed  throughout  the  book  do  not 
alter  the  feeling  of  dissatisfaction  one  experiences  reading 
it,  because  there  is  no  psychological  thread  which  unifies  it. 
Contrast  this  with  Erikson's  biographies  of  Luther  and  Gandhi. 31 

30Frank  E.  Manuel,  A  Portrait  of  Isaac  Newton  (Cambridge: 

Belknap  Press  of  Harvard  University  Press,  1968). 

^1Erik  H.  Erikson,  Young  Man  Luther:  A  Study  in  Psychoanalysis 
and  History  (New  York:  Norton,  1956)  and  Gandhi’s  Truth: 

On  the  Origins  of  Militant  Non-vioLence  (New  York:  Norton. 
1969). 
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Erikson  devotes  meticulous  attention  to  analysis  of  the  reli¬ 
ability  of  his  source  materials,  and  then  structures  his  nar¬ 
ratives  around  key  incidents  in  the  subjects®  Lives  (for  ex¬ 
amp  L e ,  the  fit  in  the  choir  in  the  case  of  Luther,  the  Ahmehd- 
abad  strike  in  the  case  of  Gandhi);  all  the  relevant  psycho¬ 
logical  themes  converge  upon  these  incidents,  and  one  is  Left 
with  a  sense  of  understanding  not  available  in  Manuel’s  book. 

The  fact  that  Erikson  constantly  keeps  his  goal  of  illumin¬ 
ating  the  historicaL  importance  of  his  subjects  in  the  reader’s 
mind  also  contributes  to  his  success;  Manuel  seems  to  have  no 
clear  goal  other  than  to  write  about  Newton. 

Let  me  now  summarize  the  methodological  points  I  have  made 
before  proceeding  to  apply  them  to  my  study  of  Fermi: 

1)  A  goal  other  than  simple  narrative  case  history  (i.e., 
a  thesis)  should  be  stated. 

2)  The  conceptual  system  according  to  which  the  evidence 
is  to  be  structured  should  be  explained. 

3)  It  is  essential  to  adopt  a  critical  stance  towards 
source  materials,  always  considering  their  reLiabiLity  and 
identifying  any  Likely  systematic  distortions. 

4)  The  Limitations  of  one’s  methods  and  conclusions 
imposed  by  the  nature  of  the  sources  should  also  be  stated. 

5)  In  evaluating  evidence,  one  should  be  guided  by  an 
overaLL  knowledge  of  the  subject’s  personality. 

6)  Inferences  should  be  made  on  the  basis  of  intersecting 
lines  of  evidence  and  reasoning,  and  cross-checked  from  a 
variety  of  points  of  view,  dictated  by  theoretical  considerations. 

7)  Arguments  should  be  made  from  knowledge  of  the  person 
to  evaLuation  of  the  creative  product,  not  vice  versa. 

8)  The  material  should,  be  structured  according  to  psych- 
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ological  rather  than  chrono Logical  principles. 

9)  The  biographer  must  explicitly  recognize  and  deal 
with  his  personal  invoLvement  in  his  subject. 

I  believe  that  by  observing  these  criteria  one  can  pro¬ 
duce  a  psychological  study  which  avoids  the  usual  hazards  of 
pathography  and  still  manages  to  reach  more  than  trivial 
conclusions. 

With  respect  to  Fermi,  my  goal  is  to  demonstrate  by  means 
of  an  individual  case  analyzed  in  detail  the  role  of  person¬ 
ality  in  the  work  of  a  scientist,  a  subject  which  I  believe 
has  been  inadequately  treated,  indeed  largely  avoided,  here¬ 
tofore.  The  conceptual  system  I  will  use  is  derived  from 
psychoanalytic  ego  psychology;  the  next  chapter  will  be  devoted 
to  the  specifics  of  this  system  and  to  defining  the  concept 
of  "style”  in  science. 

The  source  materials  available  to  me  include  two  bio¬ 
graphies  of  Fermi,  both  x^ritten  by  people  who  knew  him  intim¬ 
ately.  One  was  written  by  his  wife  Laura  before  he  died, 3^ 
and  thus  provides  a  perspective  not  ordinarily  available  in 
the  study  of  a  great  man;  it  requires  the  greatest  care  in 
interpretation  due  to  the  highly  personal  involvement  of 
biographer  with  subject,  but  at  the  same  time  provides  some  of 
the  most  penetrating  insights  into  the  man.  It  will  frequently 
be  necessary  to  delve  into  Mrs.  Fermi  * s  reasons  for  making  a 
certain  statement,  or  omitting  one,  in  order  to  understand  its 
full  significance;  this  In  turn  will  prove  to  produce  the  most 
valuable  evidence  we  have  access  to. 

32Laura  Fermi,  Atoms  in  the  Family  (Chicago:  University  of 
Chicago  Press'^  195^ ) . 
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Fermi’s  other  biography  was  written  after  his  death  by 
his  cLose  friend  and  coLLeague,  Emilio  Segrl.33  As  such  it 
represents  a  fairly  standard  scientific  biography  of  the 
chronicle  variety.  However,  Segre  has  an  unusual  sensitivity 
to  the  issue  of  scientific  style,  and  his  observations  on  this 
subject,  despite  an  occasional  lapse  into  cLiche,  wlLL  be 
important.  And  for  some  of  the  material  concerning  particular 
scientific  events  in  Fermi’s  life,  his  eye-witness  account  is 
invaluable. 

Fortunate Ly  I  do  not  have  to  reLy  on  Segr^’s  account 
aLone.  The  interviews  with  Fermi’s  colleagues  that  were  con¬ 
ducted  by  Harvard  Project  Physics  for  the  documentary  fiLm  on 
Fermi  are  full  of  anecdotes,  both  personal  and  scientific, 
which  by  themselves  paint  an  excellent  portrait  of  Fermi.  One 
must  of  course  recognize  that  for  the  most  part  these  people 
Loved  and  respected  Fermi  and  thus  have  a  stake  in  presenting 
him  favorabLy.  In  view  of  this,  the  apparent  candor  which 
emerges  in  these  interviews,  the  general  agreement  about  Fermi, 
and  the  great  consistency  of  the  anecdotaL  material  is  quite 
impressive. 

In  addition,  I  have  utilized,  though  to  a  lesser  extent, 
tranwscripts  coLLected  as  source  materia L  for  the  study  of 
the  history  of  physics,  including  proceedings  of  two  "Explor¬ 
atory  Conferences  on  the  History  of  NucLear  Physics"  sponsored 
by  the  American  Institute  of  Physics  and  the  American  Academy 
of  Arts  and  Sciences, 3^  and  a  series  of  interviews  conducted 

33sniiLio  Segr£,  Enrico  Fermi:  Physicist  (Chicago:  University 
of  Chicago  Press,  1970 ) , 

3^  American  Institute  of  Physics  and  American  Academy  of  Arts 
and  Sciences,  "Exploratory  Conference  on  the  History  of 
NucLear  Physics,"  May  18,  19,  19 67,  and  "Second  Exploratory 
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with  noted  physicists  by  the  American  Institute  of  Physics* 
Center  for  the  History  and  Philosophy  of  Physics J3and  finally 
a  similar  series  of  Interviews  conducted  by  the  Archive  for 
Quantum  Physics. 3&  These  sources  have  provided  vaLuable  per¬ 
spective  on  the  historical  milieu  of  physics  outside  of  Fermi  *  s 
immediate  environment.  To  be  sure,  many  of  Fermi’s  colleagues 
were  involved  in  these  conferences  and  interviews,  but  because 
their  focus  is  not  directly  on  Fermi,  new  material  not  in  the 
film  interviews  occasionally  emerges.  Discussions  of  style 
can  also  be  found  throughout  these  materials. 

The  most  glaring  deficiency  in  the  sources  available 
on  Fermi  is  in  material  which  comes  directly  from  Fermi  himself. 
Aside  from  his  published  scientific  papers37  (whose  Limited 
usefulness  I  have  already  commented  on),  there  exists  only  a 
series  of  Letters  from  Fermi  to  a  friend  written  as  an  adolescent 
and  young  man. 38  The  observation  that  this  no  doubt  tells  us 
something  about  Fermi  does  not  make  up  for  the  almost  compLete 
Lack  of  anything  to  interpret  directly.  I  am  thus  forced  to 
rely  on  reports  of  what  Fermi  did,  in  the  absence  of  any  know¬ 
ledge  of  what  he  thought  (or  wanted  others  to  think)  he  did. 

Conference  on  the  History  of  Nuclear  Physics:  The  Role  of 
Theory  and  Experiment  in  the  Development  of  Nuclear  Physics,” 
May  18,  19,  1969.  Unpublished  transcripts  in  possession  of 
Prof.  Gerald  Holton. 

35American  Institute  of  Physics,  Center  for  the  History  and 
Philosophy  of  Physics,  interviews  with  Hans  Bethe  (1966)  and 
Emilio  Segr£  (1967)*  Typescript  on  file  at  AIP,  New  York  City, 

3^Archlve  for  Quantum  Physics,  interview  with  Franco  Rasetti 
and  Enrico  Persico  (April  8,  1963)  and  Emilio  Segr£  (May  18, 
1964).  Xerox  transcript  in  possession  of  Gerald  Holton, 

37Enrico  Fermi,  Note  e  Memorle  (CoLLected  Papers).  Vol  I:  Italia, 
1921-1938;  volT  II:  United  States,  19 3®- 1954*  (Rome:  Accademia 
NazionaLe  dei  Lincei,  1962-1965), 

38Reproduced  in  Segr^,  op.  cit.,  pp. 189-213. 
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AutobiographicaL  materiaL  must  of  course  be  treated  with 
just  as  much  care  as  any  other  materiaL,  if  not  more,  but  this 
does  not  in  any  way  reduce  its  vaLue;  on  the  contrary,  it 
provides  the  most  important  evidence  a  biographer  can  have. 

The  fact  that  it  is  simply  unavailable  with  Fermi  rather  limits 
the  conclusions  I  can  draw,  especially  using  the  psychoanalytic 
method,  which  places  so  much  importance  on  analyzing  the  pa¬ 
tient's  own  production's.  However,  I  believe  there  is  enough 
interpretable  material  from  other  sources  on  which  to  base 
reasonable  hypotheses  and  even  some  solid  conclusions. 

My  discussion  of  Fermi  will  begin  in  Chapter  III,  after 
I  have  introduced  the  theoretical  concepts  I  intend  to  use. 

In  accordance  with  the  directives  Listed  above,  I  wiLl  first 
try  to  present  a  picture  of  the  man  as  a  whole  in  his  most 
productive  years  as  an  adult.  Then,  in  so  far  as  this  is 
possible,  I  will  try  to  trace  the  origins  of  his  general  mode 
of  functioning  in  his  development.  Information  on  this  part 
of  Fermi's  life  is  so  scarce,  however,  that  I  will  not  be 
able  truly  to  confirm  or  refute  genetic  hypotheses  in  the 
manner  of  a  clinical  anaLysis;  the  data  wiLL  merely  be  sug¬ 
gestive.  Then  I  will  describe  Fermi’s  scientific  style  in 
reLatlon  to  his  personal  style.  Although  I  have  used  the  word 
"biography"  to  describe  what  I  will  write,  the  complete  lack 
of  chronological  order  in  the  materiaL  will  make  it  difficult 
to  recognize  it  as  such,  and  perhaps  also  difficult  to  follow 
for  the  reader  unfamiliar  with  Fermi's  Life.  For  this  reason 
I  have  incLuded  as  an  appendix  a  chronologic  outline  of  Fermi's 
Life. 

The  inherent  Limitations  on  the  Level  of  explanation 
possible  in  such  a  study  as  this  should  be  mentioned.  Freud, 
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in  his  study  of  Leonardo,  takes  great  care  in  this: 

Even  if  one  had  at  his  disposal  a  very  rich  historical 
material  and  could  manage  the  psychic  mechanism  with 
the  greatest  certainty,  a  psychoanalytic  investigation 
could  not  possibly  furnish  the  definite  view,  if  it 
concerns  two  important  questions,  that  the  individual 
could  turn  out  so  and  no  dif f erent Ly . • • We  must  recog- 
nize  here  a  degree  of  freedom  which  can  no  Longer  be 
solved  psychoanalyticalLy. 39 

One  must  probably  be  a  determinist  to  undertake  this  type 
of  study  in  the  first  place;  but  the  validity  of  this  stance 
is  essentially  unprovable,  and  one  is  forced  to  avoid  assid¬ 
uously  questions  of  causality.  Similar  questions  always 
arise  with  regard  to  the  origins  of  creativity.  Freud  is 
often  quoted,  mainly  by  those  who  object  to  the  psychoanalytic 
approach  to  creativity,  as  follows:  "...we  have  to  admit  that 
aLso  the  nature  of  artistic  attainment  is  psychoanalyticalLy 
inaccessible  to  us.s."^°  But  he  goes  on  to  say  that,  "Even 
if  psychoanalysis  does  not  explain  to  us  the  fact  of  Leonardo’s 
artistic  accomplishment,  it  stlLL  gives  us  an  understanding  of 
the  expressions  and  limitations  of  the  sanie."^  I  believe 
that  the  same  applies  to  Fermi’s  scientific  accomplishment. 

Finally,  let  me  make  clear  the  nature  of  my  interest  in 
Fermi.  As  I  indicated  in  the  Preface,  my  first  contact  with 
Fermi  was  accidental,  as  many  first  contacts  are.  What  sus¬ 
tained  my  interest,  for  a  long  time  without  my  knowledge,  was 
the  great  similarity  between  Fermi’s  personality  and  my  own, 
both  in  desirable  and  undesirable  qualities.  Thus  it  was 
enlightening  for  me  to  discover  how  a  person  like  myself  was 

39freud,  Leonardo,  p.126. 

40Ibld..  p. 12?. 

41Ibld. 
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able  to  utiLize  his  personality  to  creative  ends,  and  ther¬ 
apeutic  to  see  how  he  was  hindered  by  the  same  personality 
in  these  creative  pursuits.  Before  I  became  conscious  of 
this  similarity,  I  was  rather  prone  to  adopt  a  condescending 
attitude  toward  Fermi,  seeing  only  evidence  of  his  limitations 
as  a  scientist  and  as  a  human  being,  and  ignoring  the  quite 
obvious  disparity  between  my  attitude  and  the  attitude  of 
the  people  who  knew  Fermi  personally;  the  awareness  of  a  sim¬ 
ilarity  led  me  not  onLy  to  reexamine  my  attitude  and  to  search 
for  the  positive  as  well  as  the  negative  contributions  of 
Fermi’s  personality  to  his  life,  but  also  to  search  for  dif¬ 
ferences  between  us  which  might  account  for  our  different 
lives  and  different  levels  of  creativity.  In  the  former  I 
have  been  largely  successful,  in  the  latter  not.  But  I  have 
not  been  deterred  by  my  lack  of  success  in  accounting  for 
Fermi’s  genius,  taking  comfort  instead  in  a  more  limited 
triumph. 


. 

. 


CHAPTER  II 


STILE  IN  SCIENCE  AND  PSYCHOLOGY 

I  have  already  used  the  word  "styLe"  to  refer  both  to 
an  aspect  of  a  scientist’s  work  and  to  an  aspect  of  a  person's 
psychological  functioning.  In  this  chapter  I  hope  to  clarify 
these  uses  of  the  word  and  justify  them  in  the  context  of 
this  essay. 

As  a  scientific  term,  "style"  represents  a  somewhat  arb¬ 
itrary  choice,  there  being  LittLe  or  no  preexisting  Literature 
on  the  subject  to  offer  a  more  suitabLe  alternative.  It  is 
intended  to  imply  an  individualistic  approach  to  a  scientist's 
work,  that  is,  a  search  for  features  which  distinguish  his 
work  from  others',  and  aLso  to  impLy  a  focusing  on  his  over- 
aLL  relationship  and  approach  to  his  work,  as  opposed  to  the 
specific  content  of  individual  scientific  problems.  As  will 
become  clear  later,  this  approach  to  the  study  of  a  scientist* 
work  is  quite  analogous  to  the  approach  to  the  study  of  psych¬ 
ological  functioning  implied  by  the  word  "style",  and  this  is 
in  the  main  why  I  believe  it  to  be  appropriate  to  use  the  same 
word  for  both.  Ruble's  List  of  aspects  of  a  scientist's  work 
which  merit  Investigation  with  respect  to  "masked  neurotic 
components"  of  his  personality,  quoted  in  the  last  chapter, 
Includes  several  aspects  of  scientific  style  as  I  would  have 
it  understood  (e.g.,  the  field  of  work  and  the  probLems  within 
it  which  he  chooses,  his  habitual  use  of  Logic,  and  the  ways 
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he  attacks  probLems);  though  I  object  to  the  implication  in 
Kubie's  formuLation  that  neurotic  components  of  personality- 
are  the  only  ones  that  influence  a  scientists  creativity, 
and  that  they  must  do  so  adversely  (an  objection  I  wi l L  elab¬ 
orate  in  the  final  chapter),  nevertheless  I  think  it  is  impor¬ 
tant  to  note  that  he  has  named  aspects  of  style  rather  than 
content  as  potentially  the  most  fruitfuL  areas  for  psychological 
inquiry  into  a  scientists  work, 

What,  then,  are  we  to  incLude  under  the  rubric  of  "styLeM 
in  science?  Interestingly  enough,  Segrk  actual Ly  uses  the 
word  "style"  in  his  biography  of  Fermi,  and  in  the  following 
way : 

Different  physicists  love  different  aspects  of  their 
science.  Some  strive  only  for  fundamental  genera L  prin¬ 
ciples,  some  hunt  for  new  phenomena,  some  love  precision 
measurements,  some  develop  instruments  or  techniques. 

ALL  these  endeavors  are  not  mutuaLLy  exclusive;  in  fact 
they  often  supplement  each  other,  and  aLL  are  necessary 
to  the  progress  of  physics.  The  choice  the  physicist 
habitual Ly  makes  is  often  described  by  the  word  "taste" 
or  "styLe". 

This  provides  some  general  guidelines,  but  we  need  some  more 
specific  issues,  some  parameters  of  styLe,  as  it  were.  I 
have  compiled  a  rather  Long  List  of  such  parameters,  principal Ly 
from  the  attempts  of  physicists  to  deal  with  what  appear  to 
be  stylistic  issues,  that  is,  when  they  try  to  contrast  two 
physicists*  approaches  either  to  a  specific  problem  or  to 
probLems  in  generaL.2  The  list  is  certainly  not  exhaustive, 
nor  is  it  maximally  concise,  i.e.,  many  of  the  distinctions 

A 

Segr£,  op.  cit . ,  p.22. 

p 

The  interview  materials  and  especiaLLy  the  dialogue  of  the 
two  Exploratory  Conferences  on  the  History  of  Nuclear  Physics 
show  that  physicists  are  quite  aware  of  and  interested  in 
these  issues. 
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overLap  and  are  thus  redundant;  furthermore,  I  can  onLy  claim 
its  relevance  for  physicists;  the  important  parameters  of 
style  in  biology  or  psychology  may  be  very  different*  Never-* 
theLess,  I  think  it  is  helpful,  in  an  inductive  sort  of  way, 
in  conceptualizing  style  in  physics: 


Choice  of  field:  theoretical  vs.  experimental 

specialized  vs.  general 
life-long  vs.  changing 

Choice  of  probLems:  universal  vs.  particular 

grandiose  vs.  mundane 
principles  vs.  phenomena 
philosophic  vs.  pragmatic 
aesthetic  vs.  opportunistic 
synthesis  vs.  analysis 

Choice  of  methods:  formal  vs,  insightful 

mathematical  vs,  physical 

complete  solution  vs.  quick  approximation 


Imagery:  abstract  vs.  concrete 

complexity  vs.  simplicity 

Work  habits:  contemplative  vs,  goal-orient ed 

individual  vs.  group  research 


Most  of  these  distinctions  require  further  explanation,  which 
will  be  forthcoming  in  a  Later  chapter  when  I  discuss  Fermi 9 s 
scientific  style.  For  the  moment.  Let  them  stand  as  examples 
of  the  kind  of  issues  I  wish  to  address  in  talking  about 
style.  I  hope  it  is  already  obvious  that  the  kind  of  stylistic 
contrasts  mentioned  in  the  list  must  represent  psychological 
contrasts  of  similar  magnitude. 

Before  going  on  to  discuss  "style"  as  a  psychological 
term,  I  should  mention  two  authors  who  discuss  what  I  take  to 
be  stylistic  issues  in  science,  though  neither  mentions  this 
term  or  attempts  a  psychological  interpretation.  The  first 
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and  most  significant  is  Thomas  Kuhn,  whose  Structure  of  Sci¬ 
entific  Revolutions  has  itseLf  revolutionized  the  study  of 
the  history  of  science. 3  Kuhn  makes  a  sharp  distinction 
between  "normaL"  and  "revolutionary"  science  on  the  basis  of 
adherence  to  or  fundamental  overthrow  of  the  currently  accep¬ 
ted  "paradigm"  in  a  given  branch  of  science,  that  is,  the 
body  of  belief  which  constitutes  the  fundamental  assumptions, 
models,  and  world-view,  both  explicit  and  impLicit,  shared  by 
all  who  work  in  the  field.  Whether  this  distinction  can  be 
made  as  sharply  as  Kuhn  cLaims  is  perhaps  debatable;  however, 
the  point  I  would  like  to  stress  here,  which  is  not  stressed 
by  Kuhn,  is  that  not  only  is  there  normaL  and  revolutionary 
science,  but  there  are  normaL  and  revolutionary  scientists, 
and  that  this  is  a  fundamental  difference  in  styLe  that  has 
psychological  correlates.  I  wiLL  return  to  this  in  a  Later 
chapter. 

The  second  author  is  Martin  Deutsch,  a  physicist  who 
writes  in  a  less  revolutionary  way  about  three  different 
styles  in  experimental  physics,  each  tending  to  be  character¬ 
istic  of  an  individual  physicist  with  little  tendency  to 
overLap.^  The  first  might  be  caLLed  a  "naturalistic"  style, 
in  that  it  involves  the  search  for  completely  new  phenomena. 
The  second  invoLves  the  performance  of  "cruciaL  experiments", 
that  is,  the  design  and  execution  of  experiments  in  order  to 
decide  a  theoretical  issue  conclusively.  The  third  Deutsch 
feels  to  be  the  most  subtle  and  interesting  from  the  point 

^Thomas  S.  Kuhn,  The  Structure  of  Scientific  Revolutions 
(Chicago:  University  of  Chicago  Press,  1962). 

^Martin  Deutsch,  "Evidence  and  Inference  in  Nuclear  Research, 
in  On  Evidence  and  Inference,  op.  clt . .  pp. 96-106. 
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of  view  of  iLLuminating  the  process  of  evidence  and  inference 
in  physics,  and  the  most  often  neglected  in  discussions  of 
"scientific  method".  He  caLLs  this  style  "measurement",  in 
which  the  experiment  is  designed  to  provide  new  numerical 
data  about  known  phenomena.  Here  there  is  a  rather  complex 
InterpLay  between  theory  (what  Kuhn  would  call  paradigm)  and 
observation;  depending  on  the  results,  current  theory  may  be 
supported  or  challenged,  and  it  can  require  keen  judgment  to 
interpret  anomalous  or  unexpected  results.  Deutsch  does  not 
speculate  on  the  psychological  requirements  of  the  various 
styles,  although  the  fact  that  an  individual  physicist  tends 
to  adopt  a  single  style  suggests  that  psychological  factors 
may  be  relevant.  I  wiLl  have  occasion  to  refer  to  these 
experimental  styles  when  discussing  Fermi. 

The  use  of  "style"  as  a  psychological  term  has  more  pre¬ 
cedent  than  its  use  as  a  scientific  term,  a  fact  which  makes 
its  use  in  this  paper  both  more  and  less  desirable;  more  desir 
able  because  its  previous  usage  in  the  psychiatric  literature 
makes  it  part  of  the  semantic  currency  of  the  field,  and  Less 
because  of  the  controversy  surrounding  its  usage.  I  will 
therefore  try  to  make  clear  the  way  in  which  I  intend  to  use 
the  word  and  explain  my  understanding  of  its  position  in 
psychoanalytic  theory. 

The  concept  of  style  is  given  its  fuLLest  development  by 
David  Shapiro  in  his  book  Neurotic  Styles. 5  He  begins,  as  is 
apparently  aLways  necessary,  by  reviewing  the  history  of  psych 
oanaLytlc  theory,  pointing  out  the  early  emphasis  on  the  in- 

^Davld  Shapiro,  Neurotic  Styles  (New  York:  Basic  Books,  1965). 
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stincts  and  their  transformations  and  the  inadequacies  which 
ultimately  Led  to  a  new  emphasis  on  ego  psychology.  Specif¬ 
ically,  he  points  out  the  failure  of  early  psychoanalysis  to 
resolve  the  problem  of  character.  Because  of  the  early  inter¬ 
est  in  instincts,  the  content  and  not  the  style  of  symptoms 
was  emphasized,  resulting  in  attempts  to  describe  character 
in  terms  of  derivatives  of  instinctuaL  drives.  These  descrip¬ 
tions  ultimately  proved  insufficient.  Reich's  Character  Ana Lysis 
was  an  important  step  in  freeing  character  from  specific  drive 
contents;  his  view  was  that  character  represented  a  generalized 
form  of  functioning  autonomous  from  the  original  infantile 
conflict  which  was  its  presumed  origin.  However,  Reich  saw 
this  generalized  form  of  functioning  as  contributing  only  to 
defensive,  rather  than  adaptive,  ends.  Hartmann  Later  added 
the  concept  of  a  biological Ly  determined  set  of  autonomous 
ego  functions  (such  as  intelligence  and  the  perceptual  appar¬ 
atus)  independent  of  instinctuaL  conflict,  and  Erikson  des¬ 
cribed  forms  of  functioning  having  three  roots:  instinctuaL 
development,  unfolding  maturational  capacities,  and  external 
sociaL  forms. 

Shapiro  wishes  to  separate  further  the  anaLysls  of  char¬ 
acter  from  the  analysis  of  the  instincts,  seeking  a  phenom- 
eno Logic  approach  as  much  as  possible.  Thus,  he  introduces 
the  concept  of  style  as  foLlows: 

By  styLe  I  mean  a  form  or  mode  of  functioning — -the  way  or 

manner  of  behavior--that  is  identifiable,  in  an  indiv¬ 
idual,  through  a  range  of  his  specific  acts.^ 

6 Ibid. ,  p.l. 
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The  key  words  here  are  "behavior",  "identifiable",  and  "acts". 
Shapiro  wishes  to  avoid  as  much  as  possible  reliance  on  theo¬ 
retical  psychic  constructs  and  focus  instead  on  observable 
phenomena.  This  approach  is  particular Ly  well-suited  to  the 
present  study  of  Fermi,  in  which  essentially  all  the  avail¬ 
able  data  consist  of  observations  of  his  manner  of  behavior 
and  his  specific  acts,  and  in  which  confirmation  of  hypothet¬ 
ical  psychic  constructs  such  as  might  take  place  in  a  psycho¬ 
analysts  office  is  blocked.  The  fact  that  Shapiro  is  inter¬ 
ested  in  formulating  a  concept  of  style  mainly  for  the  study 
of  psychopathology  does  not  detract  from  the  usefulness  of  the 
concept  in  situations  such  as  the  present  in  which  questions 
of  health  vs.  disease  are  Irrelevant;  in  fact,  the  concept 
of  style  is  rather  better-suited  to  the  value-free  description 
of  psychological  functioning  than  the  majority  of  psychoana¬ 
lytic  formulations.  It  is  precisely  this  criticism  of  psycho¬ 
analytic  theory,  that  it  affords  little  insight  into  what  con¬ 
stitutes  heaLthy  psychological  functioning,  that  has  most 
frequently  led  to  its  rejection  (even  by  psychoanalysts? )  as 
a  means  of  understanding  creativity. ^  Shapiro  defends  the 
concept  of  style  and  expresses  its  indifference  to  pathology 
as  foLLows: 

The  simple  fact  of  human  consistency  over  broad  areas  of 
functioning  argues  for  such  a  concept,  but  this  fact  has 
a  more  specific  clinical  manifestation. ..  vVe  are  not  sur¬ 
prised,  for  instance,  to  hear  that  a  bookkeeper  or  a 
schoLar  has  developed  an  obsessional  type  of  neurosis... 
One  feeLs,  in  such  cases,  that  the  nature  of  the  symptom 


? Anthony  Storr,  The  Dynamics  of  Creation  (New  York:  Atheneum. 
1972). 

O 

See  for  example  Ira  Progoff,  Depth  Psychology  and  Modern  Man, 
(New  York:  Julian  Press,  1959 K  ~ 
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fits  the  nature  of  the  activities,  inclinations,  and  dis¬ 
inclinations  that  make  up  its  background. . . These  consis¬ 
tencies  in  an  individual’s  functioning  do  not  seem  to  be 
explainable  as  manifestations  of  a  specific  defense  mech¬ 
anism  or  derivatives  of  specific  drive  contents;  they  are 
too  broad  and  extensive  for  that.  They  are  formal  con¬ 
sistencies;  I  would  venture  to  say  that  they  are  consis¬ 
tencies  of  individual  sty Le... Such  consistencies  of  indiv¬ 
idual  functioning  as  those  between  symptom  and  adaptive 
trait  may  be  conceived  of  as  reflecting  general  modes, 
giving  shape  alike  to  symptom  and  non-symptom,  to  defense 
against  impulse  and  adaptive  expression  of  impuLse.° 

Shapiro’s  concept  of  styLe  as  a  general  mode  of  functioning 
that  is  consistent  for  a  given  individual  is  surely  not  very 
controversial,  and  is  used  daily  by  alL  of  us,  psychoanalyst 
and  layman  alike.  Its  application  to  a  study  of  the  consis¬ 
tencies  between  a  scientist’s  scientific  and  non-scientif 1 c 
functioning  should  likewise  present  no  problems.  However, 
the  number  of  general  modes  described  in  detail  by  Shapiro  is 
quite  small,  and  practically  all  scientists  would  be  expected 
to  fall  into  one,  or  at  most  two,  of  the  styles  he  describes, 
namely,  the  obsessive-compulsive  and  the  paranoid  styles. 

Since  I  wish  to  show  how  Fermi’s  style  differed  from  that  of 
other  physicists,  I  will  have  to  make  finer  distinctions  than 
does  Shapiro.  This  does  not  present  any  difficulty  in  prin¬ 
ciple,  but  it  does  necessitate  a  review  of  his  discussion  of 
the  obsessive-compulsive  style,  in  order  that  the  possibil¬ 
ities  for  variation  on  the  theme  can  be  appreciated. 

Shapiro  directs  his  description  of  the  obsessive-compul¬ 
sive  style  (which  I  will  hereafter  refer  to  simply  as  "obses¬ 
sive")  toward  three  areas  of  psycho  Logic  functioning,  cognition, 
activity,  and  thought,  seeking  in  each  area  a  primary  distur- 


^shapiro,  op,  cit . ,  p.3 
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bance  to  account  for  the  spectrum  of  cLinicaL  manif estations 

observed  in  obsessive  peopLe, 

In  the  cognitive  sphere,  the  obsessive  demonstrates  a 

certain  type  of  restriction  of  attention:  aLthough  quite  sharp, 

it  is  severeLy  Limited  in  range  and  mobility.  Shapiro  notes: 

These  peopLe  not  only  concentrate;  they  seem  always  to 
be  concentrating.  And  some  aspects  of  the  world  are 
simply  not  apprehended  by  a  sharp Ly  focused  and  concen¬ 
trated  attention.  Specifically,  this  is  a  mode  of  atten¬ 
tion  that  seems  unequipped  for  the  casual  or  immediate 
impression. •• These  peopLe  seem  unable  to  alLow  their 
attention  simpLy  to  wander  or  passiveLy  permit  it  to  be 
captured.  Thus,  they  rareLy  seem  to  get  hunches,  and 
they  are  rareLy  struck  or  surprised  by  anything.10 

He  takes  this  mode  of  attention  to  be  the  origin  of  the  obses¬ 
sive's  rigidity  of  behavior.  This  formulation  is  of  partic¬ 
ular  interest  with  regard  to  creativity  theory,  since  it  has 
been  repeatedly  demonstrated  in  a  variety  of  experimental 1 1 
and  anecdotal12  situations  that  one  of  the  major  prerequisites 
of  creative  thinking  is  the  abiLity  to  aLLow  one's  attention 
to  wander  and  be  captured  by  seemingly  peripheral  materlaL. 

From  this  point  of  view  it  wouLd  appear  that  the  creative 
obsessional  person  is  rather  a  paradox.  I  will  expLore  this 
point  further  in  the  final  chapter. 


10 Ibid. ,  p.27. 

11See  for  example  CaLvin  W.  TayLor  and  Frank  Barron,  eds., 
Scientific  Creativity:  Its  Recognition  and  Development. 

seLected  papers  from  proceedings  of  the  first,  second,  and 
third  University  of  Utah  Conferences  on  the  Identification 
of  Creative  Scientific  Talent,  (New  York:  John  Wiley  and 
Sons,  1963),  in  particular  the  papers  by  Barron  ("The  Dispo¬ 
sition  towards  OriginaLity"  and  "The  Needs  for  Order  and 
Disorder  as  Motives  in  Creative  Activity")  and  by  Jacob  W. 
GetzeLs  and  Philip  W.  Jackson  ("The  Highly  InteLLigent  and 
the  HighLy  Creative  Adolescent"). 

lcSee  for  example  the  well-known  account  by  Henri  Poincare  in 
"L'Invention  Mathematique, "  L'Enseignement  Mathematique  X, 
no.  5»  Sept.  1908,  pp. 139-160,  and  others  by  Arthur  Koestler 
in  The  Act  of  Creation  (London:  Hutchinson  and  Co.,  1964). 
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The  activity  of  the  obsessive  is  characterized  by  its 

great  quantity,  intensity,  and  concentration,  but  Shapiro 

wishes  to  emphasize  its  subjective  quality,  "the  continuous 

experience  of  tense  deLiberateness"^  which  accompanies  the 

obsessive's  activity.  This  is  what  is  ordinarily  referred  to 

as  the  "driven”  quality  of  obsessional  behavior;  Shapiro  sees 

it  as  a  manifestation  of  a  fundamental  distortion  of  the 

normal  function  and  experience  of  volition: 

The  obsessive-compuLsive  person  Lives  in  a  continuous 
state  of  volitional  tension. ..In  his  psychology,  seLf 
direction  is  distorted  from  its  normal  meaning  of  voli¬ 
tional  choice  and  deliberate,  purposefuL  action  to  a 
self-conscious  directing  of  every  action,  to  the  exer¬ 
cise,  as  if  by  an  overseer,  of  a  continuous  wiLLful 
pressure  and  direction  on  himseLf,  and  even,  strange 
as  it  may  appear,  an  effort  to  direct  his  own  wants  and 
emotions  at  wlLl.l4 

This  disturbance  of  volition  is  manifested  in  several  ways 
in  the  obsessive's  behavior:  in  his  preoccupation  with  control, 
in  his  need  for  a  highly  structured  moral  environment,  in 
his  Limited  capacity  for  affective  experience,  and  in  his  dif¬ 
ficulty  in  making  decisions.  The  situation  is  somewhat  para¬ 
doxical  in  that  the  obsessive,  whiLe  apparently  trying  to 
exert  wiLLfuL  control  over  aLL  his  actions,  is  actually  exper¬ 
iencing  being  driven  by  authoritative  externaL  directive. 

The  Last  area  examined  by  Shapiro,  the  obsessive's  mode 
of  thought,  over Laps  to  some  extent  with  the  other  two  and 
again  demonstrates  paradoxical  features.  Here  he  notes  that 
the  obsessive  seems  to  have  lost  the  experience  of  conviction 
or  truth: 


13shapiro,  op.  cit • ,  p.31» 
l4Ibid. ,  p.36. 
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iVe  see  that  obsessional  people  have  doubts  about  obvious 
matters,  In  circumstances  where  Lack  of  information, 
which  may  give  rise  to  normal  doubt,  cannot  possibly  be 
held  accountable. , .A  sense  of  conviction  about  the  world— 
a  sense  of  truth,  in  other  words— invo Lves  a  breadth  of 
attention,  an  interest  in  and  sensitivity  to  the  shadings 
and  proportions  of  things,  and  a  capacity  for  direct 
response  to  them  for  which  the  obsessive-compuLsive  per¬ 
son  is  not  geared.  Instead,  he  concerns  himself  with 
technical  detaiLs,  indicators,  which  he  interprets  accor¬ 
ding  to  authoritative  rules  and  principles.  Consequently, 
he  does  not  say,  "It  is,"  but  says  instead,  "It  fits.  "15 

Thus  we  see  the  origin  of  the  apparently  paradoxical  tendency 
toward  both  dogmatism  and  doubting  in  the  obsessional  person: 
the  set  of  authoritative  rules  by  which  he  abides  Leads  to 
dogma,  but  the  absence  of  such  rules  in  new  situations  Leaves 
him  at  a  Loss  in  a  sea  of  doubt.  One  might  expect  that  a  sci¬ 
entist  operating  in  this  mode  would  be  Largely  incapable  of 
creativity,  since  dogmatism  is  clearly  antithetical  to  the 
scientific  approach,  and  absence  of  authoritative  rules  is 
present  by  definition  in  scientific  problems  requiring  creative 
solution;  and  yet  most  scientists  are  sty ListicaL Ly  obsessive, 
including  the  creative  ones.  The  manner  of  resolution  of  this 
dilemma  varies  from  scientist  to  scientist;  I  hope  to  indicate 
in  the  following  chapters  how  Fermi  accomplished  it  for  himself. 

In  dwelling  on  Shapiro's  analysis  of  the  obsessive  style, 

I  do  not  mean  to  have  excluded  other  possible  approaches,  I 
merely  wish  to  outline  a  framework  against  which  to  compare 
Fermi's  style;  this  one  seemed  most  convenient  in  that  it 
pointed  to  several  specific  areas  of  psychological  function¬ 
ing  that  could  be  evaluated  in  Fermi  with  the  materials  at 
hand.  The  theoretical  issues  raised  by  Shapiro's  approach  are 
of  some  Interest,  but  not  essentially  relevant  to  the  descrip- 


l^ibid. .  p.49 
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tive  task  at  hand.  Suffice  it  to  say  in  summary  that  "styLe", 
as  I  wish  it  to  be  understood  in  this  essay,  is  a  concept 
derived  from  ego  psychology,  related  to  the  concepts  of 
"character"  and  "personality" ,  but  implying  a  greater  interest 
in  the  phenomenology  of  observable  behavior  than  in  the  dynamics 
of  internal  processes,  though  by  no  means  excluding  discus- 
sion  of  the  Latter.  The  purpose  of  the  next  two  chapters  is 
to  define  Fermi’s  style  and  to  indicate  its  contribution  to 
the  uniqueness  of  his  scientific  work. 


CHAPTER  III 


FERMI* S  PSYCHOLOGICAL  STYLE 

The  driven  quaLity  of  Fermi’s  behavior  was  probably  its 
most  outstanding  feature,  and  one  which  manifested  itself  at 
a  young  age,  particuLarLy  with  respect  to  his  career.  Accor¬ 
ding  to  Engineer  Amidei,  a  colleague  of  Fermi’s  father  in  the 
railroad  administration  who  took  an  active  interest  in  young 
Enrico’s  scientific  education,  Fermi’s  initiaL  interest  in 
physics  at  the  age  of  thirteen  was  related  to  a  specific 
problem : 

I... learned  that  Enrico  studied  mathematics  and  physics 
in  second-hand  books  that  he  bought  at  Campo  dei  Fiori 
£a  marketplace  in  Rome^J,  hoping  to  find  one  treatise 
that  would  scientifically  explain  the  motion  of  tops  and 
gyroscopes,  but  he  could  never  find  an  explanation,  and 
so,  mulLing  the  probLem  over  and  over  again  in  his  mind, 
he  succeeded  in  reaching  an  explanation  of  the  various 
characteristics  of  the  mysterious  movements  by  himself. 

Soon  this  specific  interest  (one  is  tempted  to  say  obses¬ 
sion)  gave  way  to  a  generalized  interest  in  mastering  physics 
in  toto,  and  under  Amidei ’s  guidance  Fermi  proceeded  to  devour 

p 

text  after  text,  soon  outstripping  Amidei  himself. c  By  age 
seventeen  he  had  mastered  the  general  theory  of  relativity. 

With  Amidei 's  help,  and  against  his  parents®  wishes,  Fermi  went 
after  high  school  to  the  ScuoLa  Normale  Superior©,  a  small 
eLite  branch  of  the  University  of  Fisa  whose  students  were 

1 Adolfo  Amidei,  Letter  to  Emilio  Segr&,  1958,  reprinted  in 
Segr^,  o£.  ci t . .  pp.8-11. 

^L.  Fermi,  o£.  cl t . ,  p.20. 
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seLected.  on  the  basis  of  a  national  competition.  Segr&  writes 
that  for  this  competition, 

he  was  given  the  theme  for  his  essay:  "Characteristics 
of  Sound".  After  a  few  introductory  remarks,  the  essay... 
set  forth  the  partial  differential  equation  of  a  vibrat¬ 
ing  rod,  which  Fermi  solved  by  Fourier  ana Lysis,  finding 
the  eigenvalues  and  the  eigenfrequencies.  The  entire 
essay  continues  on  this  level,  which  would  have  been 
creditable  for  a  doctoraL  examination  and  was  total Ly 
unexpected  from  the  usuaL  competitors-»bright  boys  out 
of  the  liceo,  with  a  thorough  preparation  at  the  high 
school  Level." 

At  the  Scuola  Normale,  Fermi  found  the  prescribed  course 
of  instruction  too  easy,  and  spent  most  of  his  time  pursuing 
his  own  independent  study  of  physics.  In  the  summer  after  his 
first  year,  he  spent  much  of  his  time  organizing  his  knowledge 
of  physics  in  a  notebook,  summarizing  analytical  dynamics,  the 
eLectron  theory  of  matter,  kinetic  theory,  and  quantum  theory. ^ 
The  Latter,  especiaLLy  Bohr’s  work  on  the  hydrogen  atom,  was 
LittLe  known  or  appreciated  by  anyone  in  ItaLy  at  that  time 
(1919);  in  fact,  during  the  next  schooL  year,  Fermi  heLd  a 
seminar  attended  by  his  professors  on  just  this  topic." 

During  this  period  he  corresponded  with  his  friend  Enrico 
Persico,  with  whom  he  had  spent  much  time  discussing  scientific 
topics  (such  as  the  motion  of  tops  and  gyroscopes)  in  Rome. 

This  correspondence^  is  noteworthy  in  that  it  deals  with  physics 
exclusive  ly :  in  the  earlier  years,  it  deals  with  particular 
ideas  and  problems  which  were  of  interest  to  Fermi  at  the  time, 
while  in  later  years,  after  he  had  received  his  doctorate,  it 
deals  only  with  the  advancement  of  his  career.  Fermi  was 


5lbid. ,  p.l6. 

^Reprinted  Ibid . .  pp.189-213. 
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clearLy  eager  to  reach  the  top  of  the  Italian  academic  system 
as  soon  as  possible, ?  and  at  the  age  of  twenty-five  he  won  the 
competition  for  the  newLy  created  chair  of  theoretical  physics 
at  the  University  of  Rome,  the  youngest  man  ever  to  receive 
tenure  in  the  most  prestigious  of  the  Italian  universities. 

His  ambition  did  not  stop  here,  however.  Together  with 
O.M.  Gorbino,  director  of  the  institute  of  physics  at  Rome  and 
an  ItaLian  senator  with  considerable  influence,  he  set  out  to 
revi  aLize  all  of  Italian  physics,  which  had  fallen  far  behind 
that  of  the  other  European  countries,®  and  establish  a  school 
of  modern  physics  on  a  par  with  Gottingen  and  Copenhagen. 9 
This  involved  a  multi-faceted  and  weLL  worked-out  strategy: 
Corbino  used  his  influence  to  gain  the  Ministry  of  Education’s 
support  for  the  school  and  to  arrange  for  a  bright  group  of 
students;  Fermi  wrote  a  textbook  of  atomic  physics  in  Italian 
and  gave  semi-popuLar  lectures  and  papers  designed  to  attract 
the  attention  of  younger  students;  once  the  school  had  been 
established  in  Italy,  it  was  necessary  to  enhance  its  repu¬ 
tation  abroad,  and  to  this  end  Fermi  adopted  from  the  beginning 
a  fixed  publication  strategy,  sending  only  his  best  and  most 
significant  papers  to  foreign  journals,  whiLe  keeping  the 
greater  number  of  Less  important  papers  in  ItaLian  journals, 
which  were  not  read  abroad. ^ 

Further  examples  of  Fermi’s  single-mindedness,  ambition, 
and  drive  with  respect  to  his  career  could  be  produced,  and. 
Indeed,  will  be  relevant  in  the  discussion  of  his  scientific 

?Ibld. .  p.4l. 

8Ibid. ,  p.46.  1QIbid . ,  p.35. 
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style  in  the  next  chapter.  It  is  not  very  surprising  to  find 
such  characteristics  in  a  Nobel  Prize  winner,  of  course.  But 
every  aspect  of  Fermi's  life  was  permeated  by  the  same  style 
of  behavior,  often  with  Less  noble  results.  He  was  intensely 
competitive  in  aLL  his  activities,  and  constantly  sought  new 
ways  to  prove  his  superiority  outside  of  physics  (where  his 
superiority  was  acknowledged).3-1  "He'd  play  tiddlywinks  on 
the  floor,  anything. . .he  really  always  played  to  win,  to  show 
his  superiority."12  In  the  Lab  they  would  play  a  game  of 
"socking  on  the  manometer"  to  see  who  couLd  register  the  most 
powerful  blow.1 3  Twenty  questions  was  a  favorite  game  of 
Fermi's  on  Long  drives,  and  he  became  annoyed  when  he  did  not 
win. ^  He  would  rise  to  virtually  any  challenge.  For  example, 
during  the  war  his  group  at  Hanford,  Washington,  would  take 
swim  breaks  in  the  swift-flowing  irrigation  canals,  where  the 
current  was  quite  strong;  they  used  a  rope  to  hauL  themseLves 
out,  and  when  Fermi  was  asked  what  would  happen  to  someone 
who  missed  the  rope,  he  Let  the  current  carry  him  past  it  inten¬ 
tionally.  He  succeeded  in  struggling  out  of  the  canal  onLy 
after  getting  heavily  bruised. *5 

As  might  be  expected  in  a  man  to  whom  it  is  so  important 
to  appear  Invincible,  Fermi  was  somewhat  Less  than  gracefuL 

11Donald  Brittain  and  John  Kemeny,  "An  Outline  of  Content  and 
Technique  with  attached  research  materials  for  a  proposed 
documentary  film  on  the  Life  and  Times  of  Enrico  Fermi". 

(Unpublished  typescript,  1966),  appendix  A,  interviews  no. 25, 
p.18,  and  no. 26,  p.5«  Hereafter  referred  to  as,  e.g.,  F'FI  25,  p.18. 

12FFI  8,  p. 17. 

13fFI  23,  p.4. 

14FFI  3,  P.5. 

x3fFI  28,  p.l. 
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about  his  shortcomings.  Even  though  he  applied  himself  stren- 
uousLy  to  mastering  English,  he  aLways  retained  a  thick  ItaLian 
accent,  but  it  was  impossible  even  to  hint  that  his  English 
was  not  perfect  without  making  him  angry. 16  Fermi  was  a  short 
man,  and  one  friend  reports  that  he  was  quite  concerned  with 
proving  that  his  stature  was  two  centimeters  above  the  average 
Italian* s.1?  When  he  lost  at  tennis,  he  would  sulk  for  hours;1® 
if  the  score  had  been  six  to  four,  he  would  say  that  it  did 
not  count  because  the  difference  was  not  statistically  sig¬ 
nificant.  ^9  a  quite  dramatic  and  revealing  instance  of  poor 
sportsmanship,  reLated  by  a  student  of  Fermi *s,  concerns  his 
reaction  to  a  game  of  "Pass  the  Scissors"  at  a  party.  In  this 
game,  the  object  is  for  the  uninitiated  to  guess  the  rule  which 
defines  a  "correct"  pass  of  a  pair  of  scissors  to  the  next  per¬ 
son  in  the  circle:  the  position  of  the  receiver’s  legs  deter¬ 
mines  whether  the  scissors  must  be  crossed  or  uncrossed.  This 
is  the  kind  of  game,  involving  a  challenge  to  the  inteLLect, 
which  Fermi  enjoyed  and  ordinarily  excelled  at.  On  this  occas¬ 
ion,  however,  he  soon  was  the  only  person  who  had  not  guessed 
the  rule.  He  began  to  conduct  elaborate  experiments,  and  the 
scene  became  so  uncomfortable  for  everyone  that  his  wife 
final Ly  whispered  the  trick  in  his  ear.  Fermi  was  so  upset 
about  having  made  a  fool  of  himself  that  he  left  the  party  in 
a  huff. 2 ^ 

The  truly  compulsive  nature  of  Fermi’s  desire  to  win  is 
apparent  in  situations  in  which  the  contest  is  clearly  one- 
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sided  from  the  outset.  His  wife  writes  of  hiking  trips  in  the 

mountains,  where  Fermi  was  the  only  adult  maLe: 

we  would  Leave  at  dawn,  carrying  our  knapsacks  on  our 
shoulders.  Fermi  * s  was  always  the  bulkiest  and  heaviest 
of  all:  he  stuffed  it  with  the  Lunch  and  sweaters  of 
any  chiLd  who  went  with  us  a,nd ,  during  a  steep  cLimb, 
aLso  with  the  pack  of  any  girL  who  seemed  to  be  tired. 

He  took  pride  in  the  size  of  his  sack... he  would  wag  it 
right  and  left,  hitting  whomever  he  was  trying  to  pass 
at  the  moment.  Fermi  was  passing  people  frequently... 

When  approaching  the  end  of  our  climb,  Fermi  would  pass 
any  of  us  who  happened  to  be  ahead  of  him,  for  he  could 
not  possibly  allow  anyone  to  beat  him  and  reach  the  top 
before  he  did. 21 

Similarly,  some  of  Fermi* s  students  compLained  of  his  giving 
them  an  acute  sense  of  inferiority  whenever  they  came  to  him 
with  a  problem  they  had  been  struggling  with  for  weeks:  he 
would  solve  the  problem  in  minutes  and  carry  it  several  steps 
farther,  Leaving  littLe  for  the  student  himself  to  work  on$ 

"He  took  all  the  fun  out  of  it. "22  Laura  Fermi  mentions  fre¬ 
quently  the  "inferiority  complex"  her  husband  gave  her,  and 
although  she  presents  this  ostensibly  as  the  unavoidable  con¬ 
sequence  of  Fermi’s  brilliance,  it  is  quite  clear  from  her 
descriptions  that  her  feeling  inferior  was  the  intended  result: 

Enrico  was  so  sensible  in  the  opinions  he  propounded,  so 
rationaL  in  all  his  statements,  that  I  was  inclined  to 
believe  he  could  never  be  wrong... I  gradually  developed 
an  overconsciousness  of  my  ignorance,  of  the  worthless¬ 
ness  of  my  own  opinions.  That  feeling  was  riveted  Sunday 
after  Sunday,  when  hiking  with  our  friends. .. When  both 
Enrico  and  Franco  [Rasetti,  another  physicist  in  the  Rome 
group]  found  themselves  in  the  company  of  girls,  their 
favorite  pastime  was  to  give  them  an  exam  in  "general 
culture". .. [The  other  girl s]and  I  were  the  predestined 
victims. . • 

When  hiking  in  the  country,  Enrico  might  stop  sud¬ 
denly  and  bend  down,  pointing  his  thin  nose  toward  some¬ 
thing  on  the  ground.  We  could  see  nothing  of  interest, 
only  a  common  anthill. 

"How  many  cerebral  cells  work  at  building  this  mound? 
Would  you  say  that  ant  brains  yield  more  or  less  work 
than  human  brains  per  unit  of  cerebraL  matter?"  Enrico 
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wouLd  puLL  out  of  his  pocket  the  smaLL  sLide  rule  that 
never  Left  him.  "Let’s  see... in  a  cubic  centimeter  of 
neurons..."  In  a  short  while  he  wouLd  raise  his  trium¬ 
phant  eyes  on  us.  "I  have  figured  the  answers.  And  you?"* 23 

As  a  corollary  to  his  preoccupation  with  demonstrating 
his  superiority,  Fermi  was  aLso  preoccupied  with  being  in  con¬ 
trol.  A  direct  manifestation  of  this  stylistic  trait  was  his 
insistence  on  driving  any  car  in  which  he  rode,  an  insistence 
which  from  all  indications  assumed  almost  phobic  proportions. 24 
Similarly,  he  had  a  habit  of  keeping  control  of  the  chaLk  when 
engaged  in  blackboard  arguments  about  physics,  preventing  others 
from  elaborating  their  ideas, 25  and  he  tended  to  dominate  con¬ 
versations  by  keeping  up  a  steady  barrage  of  questions  to  whom¬ 
ever  he  was  taLking  with.2®  His  colleagues  state  that  he  did 
not  Like  to  depend  on  other  peopLe  for  anything,2?  and  an  inter¬ 
esting  passage  appears  in  Segr&’s  biography: 

Undoubtedly  Fermi  admired  his  mother.  Occasionally  he 
praised  her  intelligence  and  ability  to  his  wife,  Laura. 

"If  she  wanted  something,  she  would  make  it  for  herself," 
Fermi  once  told  his  wife.2® 

This  passage  would  be  unremarkable  but  for  two  things:  it  is 
the  only  mention  anywhere  of  how  Fermi  felt  about  his  parents, 
and  it  appears  in  Segr^’s  biography  but  not  in  Laura  Fermi’s. 
Thus,  this  quality  of  his  mother’s  must  have  had  some  special 
importance  to  him,  and  perhaps  to  the  extent  that  it  was  a 
thorn  in  his  wife’s  side,  since  Laura  did  not  even  Learn  to 
cook  until  ten  years  after  their  marriage  when  they  moved  to 
America. 29 


2®L.  Fermi,  0£.  cit . ,  pp. 65-66.  2^F’FI  20,  p.l. 

24Ibid.,  pp.213,  238;  27FFI  1,  p.31. 
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CLoseLy  related  to  the  Issues  of  control,  and  independence, 

and  perhaps  the  most  important  in  understanding  Fermi’s  style, 

is  the  issue  of  risk*  Segr£  writes; 

Fermi  abhorred  battles,  and  especially  those  whose  out¬ 
come  was  uncertain.  He  carefully  avoided  entanglements 
in  issues  that  were  not  concrete  and  definable  and  which 
did  not  offer  a  good  probability  of  a  favorable  outcome. 
When  he  was  confronted  with  superior  forces  that  were 
clearly  beyond  his  control,  he  would  retreat,  either  by 
withdrawing  from  the  problem  or,  in  personal  matters, 
by  avoiding  the  individuals  involved. 

This  passage  raises  several  important  points.  First,  it  is 
clear  from  the  preceding  material  in  this  chapter  that  Fermi 
did  not  abhor  battles,  but  rather  enjoyed  them,  provided  he 
was  almost  certain  to  win;  if  he  did  not  win,  regardless  of 
the  importance  of  the  contest:,  his  reaction  was  sometimes 
almost  catastrophic,  as  with  the  scissor  game,  and  often  highly 
exaggerated.  Second,  his  unwillingness  to  risk  his  judgment 
and  reputation  was  not  influenced  by  personal  ties.  Segre 
says  that  "he  would,  never  give  anybody  a  promise  or  even  a 
hope  of  anything  unless  he  was  sure  he  couLd  deliver  it. "31 
When  asked  by  a  certain  student  to  recommend  him  for  a  fellow¬ 
ship,  Fermi  replied,  "If  you  were  a  person  like  Majorana,  I 
could  go  out  to  them  and  say,  now  look,  this  is  an  exceptional 
man,  it  is  really  worthwhile.  In  your  case  I  just  can’t  do 
anything* "32  Third,  he  made  his  decisions  on  what  contests  to 
accept  and  even  what  opinions  to  hold  quite  literally  on  the 
basis  of  a  calculation  of  probability.  For  example,  during 
the  war  Fermi  and  his  colleagues  would  frequently  bet  on  world 
events,  such  as  whether  a  certain  military  operation  would 

3°Segr£,  op.  cl  t. * 
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take  pLace;  Fermi  would  invariably  bet  on  an  event  not  to  take 
place,  in  order  to  have  the  statistical  advantage* 33  This 
trivial  example  has  more  serious  and  bizarre  parallels:  when 
Fermi  was  asked  to  support  a  petition  for  international  con¬ 
trol  of  the  atom  bomb,  he  replied  that  international  controL 
had  only  a  five  percent  chance  of  working,  and  that  he  would 
stick  with  the  ninety-five  percent® 3^ 

Such  Lack  of  personaL  commitment  to  ideals  was  quite 
characteristic  of  Fermi,  and  contrasts  markedly  with  the  styLe 
of  most  of  his  coL Leagues,  especiaLLy  the  other  European  scien¬ 
tists  who  emigrated  to  America  to  escape  political  oppression 
and  who  ultimately  came  together  to  work  on  the  atom-bomb 
project.  To  cLassify  Fermi  as  poLiticaLLy  conservative  would 
perhaps  be  accurate  in  a  relative  sense,  but  would  not  capture 
the  true  sense  of  his  involvement  in  political  issues  as  well 
as  classifying  him  as  politically  indifferent.  Fermi  would 
participate  active Ly  in  discussions  of  world  problems  and  cur¬ 
rent  events,  not  from  any  ideoLogicaL  stance,  but  rather  as 
an  exercise  in  logical  analysis,  treating  each  case  on  its 
own  merits.  3-5  Similarly,  he  made  an  effort  to  be  objective 
about  peopLe,  judging  them  on  their  intellect  only,  trying  not 
to  be  influenced  by  his  own  fee  Lings. 36  By  contrast,  Fermi  was 
everything  but  objective  and  independent  in  his  judgment  of 
moral  issues.  A  friend  says:  "He  was  scrupulous.  Beyond  any 
imagination.  I  mean  beyond  the  call  of  duty... "37  Caution 
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marked  everything-  he  did  when  it  concerned  a  superior  author¬ 
ity:  abiding  the  law,  conforming  to  secrecy  regulations,  fil¬ 


ling  out  his  income-tax  return* 38 


He  was  one  of  those  persons  who  Live  under  the  assumption 
that  the  authority  is  always  right.  He  was  extreme Ly 
subservient  to  authority.  He  said  that  he  considered  it 
that  if  there  is  an  authority,  you  should  not  challenge 
it.  If  there  is  a  law,  if  there  is  a  government,  you 
have  to  obey  the  law  and  obey  the  government . 39 

The  conclusion  seems  inescapable  that  Fermi  couLd  not  trust  his 

own  feelings  to  guide  him  in  making  decisions  or  formulating 

his  opinions,  but  instead  relied  on  formulas,  indicators,  and 

rules  to  make  up  his  mind. 

The  one  ideal  which  appeared  to  influence  him  was  effi¬ 
ciency.  When  his  friends  and  colleagues  in  Rome  would  bemoan 
the  evils  and  absurdities  of  Fascism,  Fermi  would  reply,  "Yes, 
but  the  trains  run  on  time;"^0  after  the  1934  Ethiopian  war, 
when  "Mussolini  went  mad",  Fascism  became  disturbing  even  to 
Fermi,  but  "he  hated  to  talk  (about  it),  to  admit  it,  because 
he  said  it  disturbed  his  peace  of  mind  and  kept  him  from  work¬ 
ing  efficiently. "41  Fermi  admired  greatly  the  efficiency  and 
practicality  of  the  American  way  of  Life,  and  many  of  his 
friends  and  colleagues  remark  on  how  he  "fit  well  into  the 
American  mold. "42  He  and  his  family  became  American  citizens 
at  the  earliest  possible  opportunity,  and  Segre  notes  that 
"among  aduLt  immigrants,  I  have  never  seen  a  comparably  earnest 
effort  toward  Americanization. "^3  Fermi  apparently  feLt  little 
homesickness  for  ItaLy,  whose  more  highly  complicated  and  for- 
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maLized  cuLturaL  traditions  were  not  to  his  taste. ^  He  had 
virtually  no  aesthetic  interests  whatever.  He  Looked  at 
paintings  from  a  statistical  point  of  view, ^5  and  couLd  not 
be  dragged  to  museums  or  galleries he  read  mysteries  to 
heLp  himself  Learn  EngLish  and  the  Reader1 s  Digest  to  inform 
and  Americanize  himseLf,  but  otherwise  did  not  indulge  in  Lit¬ 
erature;  even  music,  which  is  almost  universally  a  passion 
among  theoretical  physicists,  did  not  interest  him,  aLthough 
he  once  devised  a  verticaL  system  of  musical  notation  because 
he  considered  the  horizontal  one  inef f icient ,^7  when  Fermi  met 
the  noted  ItaLian  composer  Respighi  on  the  return  cruise  from 
a  Lecture  tour  in  South  America,  he  "tried  to  have  the  com¬ 
poser  reduce  music  fsrr  his  sake  to  a  set  of  mathematical  cor¬ 
relations,  a  sequence  of  measurabLe,  numerical  intervals,  a 
pattern  of  vibratory  waves  that  ought  to  be  reproducible  by 
a  drawing  on  paper. "^8  The  resentful  wife  of  a  colleague,  for 
whom  Fermi  had  once  spoiled  a  musicaL  performance  by  constantly 
fidgeting  in  his  seat,  remarks,  "I  don’t  think  he  had  a  mus¬ 
ical  or  artistic  nerve  in  his  body. "^9 

The  restricition  of  attention  and  inability  to  respond 
directly  to  the  environment  without  relying  on  formulas  and 
indicators,  noted  by  Shapiro  in  the  obsessive-compulsive  style, 
are  obvious  in  the  above  material,  and  are  also  apparent  in 
the  way  Fermi  approached  ordinary,  everyday  probLems.  An 
observer  comments  that  although  Fermi  was  an  enthusiastic 
skier,  "his  styLe  wasn’t  very  good,  because  he  knew  too  much 
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physics,  and  kept  his  center  of  gravity  very  Low... always 
crouching  down. "50  When  Fermi  took  up  fishing,  he  developed 
theories  of  fish  behavior,  and  modified  his  tackle  accordingly; 
he  faiLed  to  catch  any  fish,  but  this  did  not  deter  him  in  the 
Least  from  his  theories,  to  which  he  cLung  with  "an  obstinacy 
that  wouLd  have  been  ruinous  in  science. "51  His  wife  teLLs  of 
a  coLd  winter  in  Rome,  when  their  Living-room  temperature 
would  not  rise  above  46°;  Fermi  did  lengthy  calculations  of 
the  drafts  that  could  enter  through  fissures  to  see  if  storm 
windows  would.  heLp,  but  he  found  the  effects  of  drafts  to  be 
negLigibLe.  They  only  invested  in  storm  windows  after  he 
found  he  had  mi sp Laced  a  decimal  point, 52 

Not  only  was  this  intenseLy  analytic  stance  toward  his 
environment  a  way  to  solve  problems  or  make  decisions,  however; 
it  was  a  habitual  pastime  with  Fermi.  He  was  constantly  chal¬ 
lenging  himself  and  others  with  questions  about  the  world 
which  demanded  caLcu'Lation  of  numerical  answers,  so-caLLed 
"Fermi  questions"  such  as,  "How  many  piano  tuners  are  there  in 
Chicago?"  or  "How  many  Locomotives  are  there  in  the  United 
States?"53  He  astonished  even  his  scientific  colleagues  with 
his  abiLity  to  caLculate  in  his  head,  for  exampLe,  the  exact 
error  of  a  watch  at  high  aLtitudes,5^  or,  in  the  time  it  took 
to  waLk  the  Length  of  a  corridor,  to  determine  the  depression 
his  feet  were  making  in  the  fLoor.55  One  student  reports 
that  Fermi  actual Ly  studied  the  aLraanac  to  acquire  facts  he 
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couLd  use  in  conversations  at  Lunch  or  at  parties. ^  That 
his  preoccupation  with  facts  and  calculations  caused  him  to 
miss  out  on  what  was  going  on  around  him  is  illustrated  amus- 
ingLy  by  an  anecdote  reLated  by  Laura  Fermi:  on  the  day  of 
Hiroshima,  the  first  time  she  had  been  aware  that  the  atom 
bomb  was  what  was  being  worked  on  at  Los  ALamos,  she  asked 
Fermi  to  describe  the  explosion  he  had  witnessed  at  the  test 
site : 


He  wouLd  not  be  abLe  to  do  it  objectively,  he  said.  He 
had  seen  the  Light,  but  he  had  not  heard  the  sound. 

"Not  heard?  How  is  it  possibLe?"  I  asked  bewildered. 

ALL  his  attention,  Enrico  answered,  was  concentrated 
on  dropping  small  pieces  of  paper.  He  watched  them  faLL. 
As  he  had  expected,  when  the  air  blast  foL Lowing  the  ex¬ 
plosion  hit  them,  it  dragged  them  along... He  thus  measured 
the  path  traveled,  by  his  bits  of  paper,  and  from  it  he  was 
abLe  to  calculate  the  power  of  the  exp Losion. . . He  was  so 
profoundly  and  totaLLy  absorbed  in  his  bits  of  paper  that 
he  was  not  aware  of  the  tremendous  noise,  described  by 
other  witnesses  as  "a  mighty  thunder"  and  "the  bLast  from 
thousands  of  bLockbusters. "5? 

Thus,  Fermi  found  numerous  ways  to  structure  his  time  to 
avoid  experiencing  reality  directLy,  aLways  interposing  a  rule, 
a  caLcuLation,  or  a  barrage  of  facts  between  himseLf  and.  the 
rest  of  the  worLd.  He  was  aLso  rather  cLassicaLLy  obsessive 
in  his  personaL  habits.  Segr£  observes:  "His  Lif e--except  for 
his  a LL- important  physics--was  patterned  on  that  of  an  effi¬ 
cient,  Loyal  civil  servant,  and  his  wife  writes: 

The  alarm  clock  in  Enrico’s  brain  worked  with  extreme 
precision.  Enrico  was  never  Late  and  never  early  for 
our  dinner  at  one  and  for  our  supper  at  eight.  In  the 
afternoon  he  interrupted  reading  his  paper  or  pLaying 
a  game  of  tennis  promptly  by  three  o’clock  and  went  back 
to  work.  Experiments  in  the  Laboratory  had  to  reach  an 
extraordinary  degree  of  Interest  before  they  could  upset 
Enrico’s  schedule  even  sLightly.59 
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Fermi  watched  television  one  hour  every  night,  regardless  of 
what  programs  were  on,  simpLy  because  that  i^as  the  hour  which 
he  had  aLotted  for  watching  television, ^0  a  friend  and  neigh¬ 
bor  recalls:  "We  had  him  several  times  for  dinner  at  Los  Ala¬ 
mos,  and  just  a  little  before  ten  he  would  say,  9 Now  it  is 
Enrico  Fermi’s  bedtime, 9  and  he  would  leave. Fermi  did  not 
smoke  or  drink, and  he  was  extremely  thrifty;  in  fact,  until 
after  the  war  he  attempted  to  live  on  half  his  salary • 6 3 

However,  the  typically  stiff,  formal,  ritualized  inter¬ 
personal  behavior  that  one  associates  with  the  obsessive9 s 
scrupulousness,  thrift,  and  punctuality  was  not  characteristic 
of  Fermi,  He  was  rather  embarrassed  by  his  own  fame  and  Impor 
tance  and  shied  away  from  any  pomp  and  ritual  associated  with 
it.  Segr&  writes  that 

In  later  years,  when  he  had  accumulated  an  impressive 
number  of  honorary  degrees,  medals,  and  memberships  In 
academies,  he  replied  to  an  official  questionnaire 
requesting  a  list  of  the  organizations  to  which  he 
belonged:  "I  am  a  member  of  a  number  of  Learned  societies 
the  names  of  which  I  have  forgotten. "64 

When  he  was  27  he  was  named  to  Mussolini’s  newly  formed  Hoyai 
Academy  of  Italy,  one  of  the  trappings  of  which  was  an  elab¬ 
orate  uniform;  his  wife  relates  the  following  anecdote: 

Enrico,  who  hated  to  be  conspicuous,  intensely  disliked 
that  attire.  He  donned  it  for  the  first  time  when  the 
Royal  Academy  was  solemnly  inaugurated  in  Mussolini’s 
presence. .. It  so  happened  that  a  painter  was  at  work  in 
our  home  that  same  day,  and  Enrico  felt  so  embarrassed 
at  the  thought  that  this  man  might  see  him  in  his  crazy 
outfit  that  he  dispatched  me  to  close  all  doors  on  the 
hall  and  clear  the  way  for  him. 65 


6oFFI  26,  p.7.  63FFI  4,  p.8. 

6lFFI  12,  p.  19.  64Segr£,  o£.  cit.,  p.62 

^2FFI  1,  pp. 16-17.  ^L.  Fermi,  op.  cit.,  p.74. 
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Another  of  the  trappings  of  membership  in  the  Academy 

that  embarrassed  Fermi  was  the  title  of  "Excellency".  In 

typical  fashion,  Fermi  rationalized  his  dislike  for  the  titLe 

on  the  basis  of  its  Lack  of  practicality: 

"If  I  could  say  ®I  am  exceLLency  Fermi®  when  applying 
for  my  birth  certificate,  I  would  impress  the  clerks,  and 
get  fast  service.  But  I  can*t  walk  up  to  an  office  win¬ 
dow  and  say  *1  am  his  exceL  Lency  !* 

There  are  two  more  anecdotes  in  relation  to  Fermi's  status  as 

an  Academician  that  I  cannot  resist  relating.  The  first  is 

told  by  Segr£: 

In  1930»  when  the  crown  prince  of  ItaLy  married,  high 
state  officials,  including  Fermi,  were  invited  to  the 
wedding  and  given  a  special  card  of  admission  for  it, 
but  Fermi  decided  to  work  in  the  Laboratory  instead. 

To  get  to  the  laboratory  he  had  to  cross  a  street  on  the 
procession  route  that  had  been  closed  to  traffic  and  was 
guarded  by  Lines  of  soldiers.  Fermi,  driving  his  shabby 
LittLe  car  in  his  usuaL  clothes  instead  of  the  brilliant 
uniform  of  the  academy,  nevertheless  had  the  invitation 
card  in  his  pocket,  and  when  stopped  by  the  soldiers,  he 
showed  it  to  an  officer.  "I  am  the  chauffeur  of  His 
Excellency  Fermi,"  he  said.  "I  have  to  fetch  him  for  the 
wedding.  Could,  you  please  Let  me  cross  the  soldier's 
Lines?"  Whereupon  he  was  Led  through  the  Lines  and  spent 
the  rest  of  the  day  at  work  in  his  Laboratory • 67 

The  second  is  to Ld  by  Laura  Fermi: 

I  remember  a  skiing  trip  when  we  went  to  a  hotel  where 
we  had  once  been  before. 

"Are  you  any  relation  to  His  ExceLLency  Fermi?" 
the  manager  asked. 

"A  distant  relative,"  Enrico  answered, 

"His  ExceLLency  comes  to  this  hotel  now  and  then," 
the  manager  stated  with  importance.  Enrico  achieved  his 
purpose  and  was  "Left  in  peace".  He  did  not  have  to  be 
introduced  to  inquisitive  hotel  guests,  and  his  old  snow 
suit  and  scuffed  ski  boots  were  not  stared  at. 68 

The  Lack  of  ponderousness  and  self-importance  in  Fermi's 

style  demonstrated  by  these  anecdotes  probably  goes  far  in 


6&L.  Fermi,  ojc.  cit . .  p.74.  68 ^ .  Fermi,  o£.  cl t . .  p.75« 

6?Segre,  o£.  cit.,  p.9^» 
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explaining  his  LikeabiLity  and  in  mitigating  the  obnoxiousness 
of  his  constant  competitive  behavior*  Despite  his  position 
of  authority  in  the  laboratory,  there  was  a  general  atmosphere 
of  equaLity  and  informality  greatly  appreciated  by  those  under 
him.  In  the  Rome  group,  each  member  had  a  nickname,  based  on 
the  Catholic  religious  hierarchy:  Fermi  was  "the  Pope",  Ras- 
etti  the  "Cardinal  Vicar",  Segre  the  "Basilisk",  Majorana  the 
"Great  Inquisitor",  Trabacchi  the  "Divine  Providence",  etc*59 
By  assigning  these  roles  in  jest,  the  group  was  able  to  dis¬ 
sipate  the  issue  of  authority,  and  function  as  a  team  in  a 
more  relaxed  atmosphere.  I  hope  the  reader  will  forgive  me 
for  repeating  another  anecdote  which  illustrates  better  than 
I  can  describe  it  this  atmosphere  in  the  Rome  laboratory.  The 
experiments  in  1934  on  artificial  induction  of  radioactivity 
by  neutron  bombardment  involved  the  irradiation  of  non-radio¬ 
active  substances  with  neutrons  from  a  radon-beryllium  source, 
followed  by  measurement  of  the  induced  radioactivity  with  a 
Geiger  counter.  Since  the  radiation  emitted  by  the  source 
was  much  more  intense  than  that  induced  in  the  substance,  it 
would  have  interfered  with  measurements  done  nearby,  and  so 
the  Geiger  counters  were  Located  at  the  opposite  end  of  a  long 
corridor  from  the  source;  since  the  induced  radioactivity  was 
often  very  short-lived,  the  irradiated  substances  had  tc  be 
rushed  down  the  corridor  to  be  counted.  Fermi,  the  group Ss 
Leader,  and  AmaLdi,  the  member  with  the  Lowest  status,  were 
the  runners;  naturally  Fermi  turned  the  task  into  a  race. 

While  these  experiments  were  going  on,  a  respectabLe- 

Looking  Spanish  scientist  in  black  suit  and  white  shirt 

came  one  day  to  the  physics  buiLding  and  asked  to  see 

69l.  Fermi,  ojd.  cit . ,  p.47« 
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"Sua  EcceLenza  Fermi EmiLio  Segrl,  who  happened  to 
be  in  the  hall  on  the  first  floor,  told  him  absent- 
mindedly:  "The  Pope  is  upstairs,”  and  upon  noticing  the 
other’s  puzzled  expression  he  added:  ”1  mean  Fermi,  of 
course. " 

As  the  visitor  reached  the  second  floor,  a  rosy- 
cheeked  youth  and.  a  short-Legged  man,  both  in  dirty  gray 
coats,  tore  madly  by  him,  hoLding  strange  objects  in 
their  hands.  Bewildered,  the  visitor  wandered  around 
a  while,  found  nobody  in  sight,  and  came  back  to  the 
halL.  Again  the  two  madmen  tore  by  him.  At  Last  he 
found  Gian  Carlo  Wick... 

"I  am  looking  for  Sua  EcceLenza  Fermi,"  the  Spanish 
man  said;  "could  you  show  me  his  office?” 

When  the  visitor  and  Wick  stepped  out  into  the  haLL, 
the  two  strange  men  were  having  their  third  race. 

"Enrico,”  Wick  called  as  LoudLy  as  good  manners 
permitted  him.  "This  gentLemen  is  here  to  talk  to  you.” 

"Come  aLong,"  Enrico  shouted  and  disappeared. 

The  interview  took  pLace  in  front  of  a  counter — -as 
aLL  Enrico’s  interviews  did,  both  with  students  and  with 
visitors--between  readings,  whiLe  he  jotted  down  figures 
on  bits  of  paper.  But  the  Spanish  visitor  couLd  not  con¬ 
ceal  the  depth  of  his  thwarted  expectations.?0 

In  contrast  with  this  casual,  egalitarian  manner  unchar¬ 
acteristic  of  the  obsessive  style,  Fermi’s  emotional  Life  and 
his  relationships  with  ps?opLe  had  the  coolness  and  inhibition 
typical  of  this  styLe.  One  friend  noted  that  Fermi  controLLed 
his  own  personality  and  emotions  in  the  same  way  as  his  instru¬ 
ments,  while  another  says  that  he  seemed  to  examine  people 
Like  problems  in  physics.?2  One  of  his  Rome  colleagues  re¬ 
marked  on  Fermi’s  courtship  of  Laura:  "For  Fermi  he  was  infat¬ 
uated.  But  Fermi’s  infatuation  would  be  called  compLete  coLd- 
ness  in  anybody  eLse.  I  mean  in  Fermi,  to  see  him  with  a 
spark  of  emotion  was  quite  a  sensation. "73  Indeed,  in  his 


wife’s  biography  it  is  very  difficult  to  find  mention  of  any 


feelings  at  aLL  except  for  Laura’s  feelings  of  inferiority 
and  dependence;  one  concludes  from  reading  it  that  Fermi  had 


?°Ibid,,  pp.89-90. 
71FFI  31,  p.7. 
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a  rather  distant  relationship  with  his  family,  a  conclusion 
supported  by  the  observations  of  several  friends  on  his  Lack 
of  interest  in  his  children, 74  and  Fermi's  statement  to  one 
friend  that  he  didn't  care  much  for  the  chiLdren:  that  was 
Laura's  department . 75 

Fermi  had  no  intimate  friends, 7®  aLthough  he  was  an  ex¬ 
treme  Ly  gregarious  person;  77  it  wouLd.  appear  that  he  preferred 
reLating  to  people  in  groups  because  this  prevented  closeness 
to  individuals,  as  his  comment  that  "some  people  have  to  be 
di'Luted"78  indicates.  He  always  preferred  the  company  of 
younger  people,  and  would  confidently  take  the  Lead  in  organ¬ 
izing  younger  people's  activities ; 79  similarly,  he  was  an  ex¬ 
ceptionally  good  teacher  with  young  students,  80  an(j  assumed 
Leadership  easily  in  smaLl  groups  where  his  superiority  was 
uncha L Lenged ,  such  as  the  Rome  school  of  physics  (witness  his 
nickname,  "the  Pope").  By  contrast,  he  was  considered  shy 
and  taciturn  by  older  peopLe  at  the  same  time  that  younger 
people  found  him  taLkative  and  perhaps  even  a  bit  domineering,®* 1 
and  he  loathed  assuming  Leadership  of  Larger  groups  of  people 
with  whom  he  did  not  have  constant  personal  contact.®® 

It  seems  clear  that  to  Fermi,  intimacy  was  equated  with 
dependence,  and  emotion  was  equated  with  weakness.® 3  He  took 
pride  in  being  cold  and  unemotional.  He  once  told  a  friend 


74E.g.,  FFI  2,  p.ll. 

75pFI  31,  p. 8. 

7®FFI  1,  p.10. 

77fFI  passim. 


7  9  FFI  passim. 

80FFI  2,  p.4. 

CM 
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he  envied  him  for  being  such  a  warm  person,  something  which  he 
hlmseLf  could  not  be. 8^  When  asked  how  he  was  fee  Ling  after 
his  father’s  death,  Fermi  replied,  "Oh,  I  feel  all  right. 

You  know  that  with  me  no  emotion  can  Last  more  than  two  hours. "^5 
That  his  emotions  couLd  Last  Longer  is  evidenced  by  what  appears 
to  have  been  a  fairly  serious  depression  when  he  was  on  a 
fellowship  in  Gottingen  in  1922-23;  however,  although  this 
period  is  mentioned  several  times  as  a  very  unhappy  one  for 
Fermi  (he  almost  gave  up  physics88 )?  he  was  apparently  never 
willing  to  talk  about  it,  and  his  Letters  home  expressed  only 
admiration  for  the  efficiency  of  the  German  public  adminis¬ 
tration.®?  His  wife’s  attempt  at  a  psycho  Logical  explanation 
for  his  unhappiness  in  Gottingen  is  woefully  unconvincing,  lead¬ 
ing  one  to  suspect  that  she  is  reaLLy  onLy  guessing-  at  what 
his  feeLings  were.  On  the  other  hand,  her  description  of  his 
reaction  to  his  brother’s  death  when  Fermi  was  thirteen  is 
quite  compelling  and  obviously  inspired  by  Fermi’s  pride  in 
telling  the  story: 

Now  Lonely,  but  shrinking  from  any  show  of  feelings, 
he  kept  his  grief  to  himself.  A  week  after  his  brother’s 
death  he  walked,  alone  by  the  hospital  where  the  fatal 
accident  had  occurred.  He  wanted  to  prove  to  himseLf 
that  he  was  capable  of  overcoming  the  emotion  that  the 
sight  of  the  hospital  wouLd.  arouse  in  him.* 8° 

One  final  anecdote  will  serve  to  condense  several  ele¬ 
ments  of  Fermi’s  style  into  a  single  image  requiring  no  addi¬ 
tional  comment.  In  the  faLL  of  195^»  an  exploratory  laparotomy 
was  performed  on  Fermi  and  revealed  an  intestinaL  malignancy. 

84FFI  31,  p. 8.  8?FFI  31j  p.11;  16,  p.15. 

85FFI  16,  p.18.  88L.  Fermi,  on.  cit . .  p.17. 

88L.  Fermi,  o£.  cit. ,  pp. 31-32. 
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His  friend  and  coLLeague  Segre  visited  him  soon  after  the 
operation: 

Fermi  was  resting  in  the  hospital  with  his  wife  in  atten¬ 
dance,  and  was  being  fed  artificially.  In  typical  fashion 
he  was  measuring  the  fLux  of  the  nutrient  by  counting 
drops  and  timing  them  with  a  stopwatch.  It  seemed  as  if 
he  were  performing  one  of  his  usual  physics  experiments 
on  an  extraneous  object. 

From  all  the  foregoing  material  it  would  be  difficult  for 
anyone  to  dispute  that  Fermi  manifested  rather  typical  traits 
of  the  obsessive-compuLsi ve  personality  or  style,  With  par¬ 
ticular  regard  to  Shapiro’s  concepts,  aLL  three  areas  of  psych¬ 
ological  function  in  'which  he  notes  a  characteristic  obsessive 
mode  are  dearly  demonstrable  in  Fermi,  The  narrow,  intense 
focus  of  attention  which  excludes  much  of  the  world  is  evident 
in  his  failure  to  hear  an  atom  bomb  blast  and  in  his  inability 
to  relate  to  any  form  of  artistic  expression  on  a  Level  other 
than  the  pureLy  technical.  The  intense,  constant,  driven  act¬ 
ivity  is  apparent  from  the  course  of  his  career  and  from  his 
competitiveness,  the  onLy  identifiable  trait  that  approaches 
a  true  compulsion;  that  this  activity  was  experienced  as  ex¬ 
ternally  directed  is  indicated  by  his  unquestioning  subser¬ 
vience  to  authority  and  his  unswerving  adherence  to  a  rigid 
schedule.  His  phobia  of  being  a  passenger  in  a  car  and  his 
almost  complete  suppression  of  emotional  responses  indicate 
a  preoccupation  with  self-control.  The  Loss  of  the  sense  of 
conviction  described  by  Shapiro  in  obsessives  is  aLso  apparent 
in  Fermi’s  unwillingness  to  take  risks  or  involve  himself  in 
anything  uncertain,  and  in  his  reliance  on  formuLas,  calcul¬ 
ations,  rules,  and  arbitrary  principles,  rather  than  his  own 

89segrl,  op.  ci t . ,  p.184. 
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feeLings,  to  make  up  his  mind  on  any  issue.  The  fact  that  he 
was  considered  to  be  a  decisive  person  and  not  prone  to  be 
dogmatic  is  of  interest  in  that  these  traits  are  rather  the 
opposite  of  those  Shapiro  attributes  to  obsessives.  This  appar¬ 
ent  inconsistency  is  an  important  aspect  of  Fermi’s  own  par¬ 
ticular  brand  of  obsessionali ty,  and  will  be  central  to  the 
discussion  of  his  scientific  styLe;  it  is  probably  best  ex¬ 
plained  by  the  overriding  need  to  appear  to  be  in  control  of 
himself  and  his  environment,  and  thus  to  appear  certain  and 
coLdLy  rationaL.  That  he  was  able  to  achieve  such  an  image 
and  maintain  it  with  rare  exception  (most  notably,  the  scis¬ 
sors  game)  is  an  indication  of  his  extraordinary  ability  to 
find  a  formula  or  calculate  a  probability  in  most  situations, 
and  to  successfully  avoid  situations  not  amenable  to  such 
analysis. 

Thus  far,  I  have  tried  to  adhere  as  much  as  possible  to 
description  of  Fermi’s  psychological  style.  While  this  will 
be  sufficient  to  allow  comparison  with  his  scientific  style, 
which  is  the  principle  goal  of  this  essay,  it  nevertheless 
leaves  one  somewhat  unsatisfied  from  several  points  of  view. 
First,  the  material  cries  out  for  more  traditional  interpre¬ 
tation,  in  terms  of  defensive  operations  for  example.  Second, 
the  relative  adaptive  advantages  of  Fermi’s  style  need  to  be 
evaluated.  Third,  one  is  always  curious  to  know  the  origin  of 
such  a  style  in  relation  to  childhood  events.  Discussion  of 
any  of  these  issues  requires  information  concerning  Fermi’s 
history  and  subjective  experience  which  is  at  best  sketchy 
and  most  often  totally  lacking.  Nevertheless,  what  is  avail- 
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abLe  is  highly  suggestive  and  quite  interesting,  and  there¬ 
fore  I  wi l L  proceed,  with  the  understanding  that  any  statement 
can  never  be  definitive. 

Perm!  was  born  in  1901,  the  third  and  last  of  three  chil¬ 
dren  born  in  rapid  succession:  his  brother  GiuLio  was  one  year 
oLder  and  his  sister  Maria  two  years  older.  His  father  Alberto 
was  an  employee  of  the  railroad  admini stration  and  did  not 
marry  until  the  age  of  forty-one;  he  was  the  son  of  the  first 
Fermi  not  to  farm  the  land,  Stefano  Fermi,  who  had  left  the 
farm  to  become  county  secretary  to  the  Duke  of  Parma.  The  fol¬ 
lowing  descriptions  of  the  personalities  of  Fermi’s  grandfather, 
father  and  mother  are  furnished  by  Laura  Fermi.  Her  sources 
are  uncertain;  she  met  Fermi  only  casual Ly  and  away  from  his 
family  in  1924,  Long  after  his  grandfather * s  death  (Fermi  hardly 
remembered  the  man  himself)  and  shortly  after  his  mother’s 
death,  and  she  did  not  see  him  again  until  1926,  again  away 
from  his  family.  Fermi’s  father  died  in  192?,  so  it  is  unlikely 
that  Laura  writes  from  personal  knowledge.  Presumably  she 
learned  about  these  people  from  Fermi  himself,  or  perhaps  more 
LikeLy  from  his  sister  Maria.  Of  his  grandfather: 

Stefano  was  of  an  astounding ly  robust  constitution  and 
of  a  steely  determination. . .His  material  positivism  drove 
him  to  strive  with  unrelenting  will  power  for  a  solid 
financial  position. It  was  almost  unavoidable  that  these 
traits  should  be  associated  with  personal  coolness,  and 
he  showed  no  undue  tenderness  for  his  numerous  children, 
who  were  Left  to  shift  for  themselves  at  an  earLy  age. 90 

Of  his  father: 


ALberto  brought  into  his  work  the  qualities  inherited  from 
his  father,  steadiness,  will  power,  determination  to 
reach  a  modest  prosperity * 91 


9°l.  Fermi,  ojd.  cit . ,  p.14 
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Of  his  mother: 

Her  devotion  was  mixed  with  an  overstressed  sense  of  duty 
and  an  inflexible  integrity,  which  the  children  inherited, 
although  they  occasionally  resented  it.  Into  her  affec¬ 
tion  she  brought  a  certain  rigidity  that  made  her  expect 
from  others  as  much  as  she  would  give.  Her  children  were 
to  work  hard  to  maintain  the  high  moral  and  intellectual 
standards  that  she  had  set  for  them  and  exacted  of  them.'2 

It  is  thus  dear  that  there  was  a  very  strong  history  of  obses¬ 
sive-compulsive  style  in  Fermi * s  family,  and  though  one  may 
doubt  the  Literal  "inheritance"  of  this  style  supposed  by 
Fermi’s  wife,  nevertheless  it  could  be  assumed  to  predispose 
to  an  obsessive  integration  in  anyone  raised  in  such  an  envir¬ 
onment  . 

The  significant  facts  of  Fermi’s  early  childhood  are  as 
foLLows:  because  the  children  were  born  so  close  together, 
their  mother  could  not  care  adequately  for  aLL  of  them  at  once, 
and  as  was  the  custom,  the  latter  two  were  sent  to  wet  nurses 
in  the  country.  However,  Enrico’s  health  was  "delicate"  and 
apparently  necessitated  his  staying  away  from  home  Longer  than 
usual,  not  returning  until  age  two  and  a  haLf.  The  fuLL  sig¬ 
nificance  of  this  is  difficult  to  estimate,  but  that  it  may 
have  been  a  source  of  considerable  feeLings  of  inferiority  is 
indicated  by  Laura  Fermi’s  comment  that  his  Late  return  to  the 
famiLy  "was  joking Ly  recalled  to  him  whenever  he  appeared  to 
be  ’dumber’  than  the  others, "93  presumably  by  his  mother.  In 
addition,  it  is  stated  flatLy  by  both  Laura  Fermi  and  Segre 
that  Firs.  Fermi  had  shown  a  marked  preference  for  GiuLio  over 
the  other  two  chiLdren.  Fermi’s  wife  offers  the  explanation 
that  "Enrico  Lacked  some  of  the  more  Likeable  traits  of  chil= 

92ibid.,  p.15. 
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dren.  He  was  small  for  his  age  and  unattractive.  He  was  un¬ 
tidy... he  went  into  tantrums  easi Ly  and  lacked  imagination,,./' 
whereas  Giulio  was  more  affectionate  and  cheerfuL,  more  out¬ 
going  and  responsive.  Although  it  is  certainly  possible  that 
some  inherent  difference  between  the  two  boys  caused  the  marked 
difference  in  their  mother’s  response  to  them,  it  is  more  plaus 
ib'Le  that  the  mother’s  attitude  was  responsible  for  the  differ¬ 
ence  in  their  temperaments.  After  all,  she  had  had  weLL  over 
a  year  to  become  attached  to  her  first  son,  and  when  her  second 
son  finally  joined  the  family,  he  was  already  beyond  the  stage 
requiring  intensive  maternal  care  and  was  expected  to  toe  the 
line : 


Maria,  though  very  young  herself  at  the  time,  still  viv¬ 
idly  remembers  her  LlttLe  brother’s  homecoming.  He  was 
small,  dark,  and  frail- looking.  The  three  children 
stared  at  each  other  for  a  whiLe,  then,  perhaps  missing 
the  rough  effusiveness  of  his  nurse,  LittLe  Enrico  started 
to  fuss  and  cry.  His  mother  talked  to  him  in  a  firm 
voice  and  asked,  him  to  stop  at  once;  in  this  home  naughty 
boys  were  not  tolerated.  Immediately  the  child  compLled, 
dried  his  tears,  and  fussed  no  longer. 95 

Thus,  Fermi  was  introduced  into  a  tough-minded  family  and  as¬ 
signed  the  role  of  second-class  citizen.  One  must  suspect  that 
this  situation  gave  rise  to  an  unusually  Intense  sibLing  rival¬ 
ry;  despite  the  fact  that  the  two  brothers  allegedly  "were  in¬ 
distinguishable  in  achievements, "9^  Enrico  was  unable  to  equal 
Giulio  in  his  mother’s  eyes.  An  anecdote  which  appears  in 
Laura  Fermi’s  account  of  Enrico’s  childhood  lends  support  to 
this  contention,  confirming  it  at  Least  from  the  point  of  view 
of  Enrico,  the  presumed  source  of  the  story: 

Once,  when  in  second  grade,  he  was  to  write  what  couLd.  be 
made  with  iron.  Because  on  his  way  to  schooL  he  used  to 
pass  by  a  store  with  the  sign  "Factory  of  iron  beds,"  the 


94lbid. ,  p.16. 
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chi  Ld  wrote  onLy:  "With  iron  one  makes  some  beds."  The 
sentence  was  dear  and  precise.  By  saying  "some"  the  boy 
had  impLled  his  awareness  that  not  aLL  beds  are  made  of 
iron.  The  second-grade  teacher,  however,  was  not  pLeased, 
nor  was  Mrs.  Fermi,  who  came  to  doubt  the  depth  of  his 
inte  L  Ligence. 9? 

This  is  one  of  the  few  anecdotes  in  a  very  short  description 
of  Fermi ’s  childhood.  Its  inclusion  in  the  section  justifying 
Mrs.  Fermi’s  preference  for  GiuLio  over  Enrico  indicates  that 
Laura,  and  thus  probably  aLso  Enrico,  must  have  perceived  it 
as  reLated.  in  some  way  to  that  preference.  Yet  its  inclusion 
at  aLl  is  rather  puzzLing,  since  its  point  remains  obscure; 
its  defensive  tone  Leads  me  to  suspect  that  this  particular 
incident  stood  out  in  Fermi’s  mind  as  an  examp Le  of  the  injus¬ 
tice  he  suffered  at  the  hands  of  his  mother’s  unjustified 
preference  for  his  brother. 

In  any  case,  there  does  not  appear  to  be  much  question 

that  the  preference  existed.  The  important  point  to  note  is 

how  Fermi  controlled  his  presumably  hostiLe  fee  Lings  toward 

his  brother:  the  two  were  absoLuteLy  inseparable  companions. 

From  earLy  childhood  GiuLio  and  Enrico,  only  a  year  apart 
in  age,  had  grown  so  close  to  each  other,  had  shared 
their  games  and  fiLLed.  their  Leisure  hours  together  so 
incessant Ly,  that  it  was  hard  to  say  what  each  of  them 
brought  into  the  partnership... 

His  brother  had  been  his  steady  companion  and  sole 
friend.  There  had  been  no  need  for  others... 

Persico  [who  Later  became  a  friend  of  Enrico’s]  had 
been  in  school  with  GiuLio,  whose  prompt  intelligence  he 
had  admired.  He  had  not  tried  to  become  his  friend, 
fee  Ling  that  GiuLio  was  "saturated"  by  his  brother. >p 

If  we  are  correct  in  assuming  an  underlying  hostility,  then 
this  closeness  represents  a  reaction-formation  on  Fermi’s  part; 
in  the  absence  of  any  information  to  the  contrary,  we  must  pre¬ 
sume  that  this  defense  was  adequate  to  control  the  hostility, 
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and  that  it  resuLted  in  onLy  a  modest  compromise  in  Fermi’s 
overaLL  functioning,  namely  a  Lack  of  any  other  friendship 
beyond  his  brother.  Conl-roL  of  his  feelings  of  inferiority 
is  another  matter,  for  it  does  not  seem  likeLy  that  such  a 
reaction- formation  wouLd  be  an  adequate  defense  in  this  regard. 
Perhaps  the  element  of  identification  with  his  brother  hinted 
at  in  the  above  passages  was  more  significant  here.  However, 
given  the  evidence  that  Fermi  was  more  or  less  continuously 
subject  to  the  reality  of  invidious  comparison  with  his  brother 
(reminders  of  his  late  arrival  in  the  family  when  he  seemed 
•dumber" ,  mother’s  doubts  about  his  intelligence ) ,  it  seems 
most  likeLy  that  any  defense  against  feelings  of  inferiority 
would  be  reLatlveLy  unsuccessful  and  that  these  feelings  would 
form  a  large  part  of  the  burden  of  unresoLved  conflict  in  his 
adult  Life. 

This  hypothesis  is  consistent  with  much  of  Fermi's  aduLt 
behavior,  in  particular  his  "chiLdish  pride  in  always  being 
the  winner."99  An  instance  of  breakdown  of  this  over-compen¬ 
satory  defense  pattern  provides  additional  confirmation  of  its 
importance  to  Fermi:  his  fellowship  year  in  Gottingen  under 
Professor  Max  Born.  Unfortunately  we  do  not  know  a  great  deaL 
about  what  happened  to  him  that  year;  we  do  know,  however, 
that  he  was  a  young  physicist  from  a  country  that  had  not  pro¬ 
duced  a  physicist  of  note  for  decades,  that  he  arrived  in  a 
school  where  his  fellow  students  were  the  likes  of  Heisenberg, 
PauLi,  and  Jordan,  that  he  did  not  receive  the  kind  of  encour¬ 
agement  he  needed  from  Born,  that  he  was  unproductive,  and  that 
he  almost  gave  up  physics,  Segrb  writes: 


99rbid.,  p.43 
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when  Fermi  arrived  at  Gottingen,  he  found  there  several 
briLLiant  contemporaries,  among  them  Werner  Heisenberg 
and  PascuaL  Jordan,  two  of  the  brightest  luminaries  of 
theoretical  physics.  Indeed  the  two  had  already  been 
recognized  for  their  exceptional  abilities,  and  Born  was 
writing  papers  in  collaboration  with  them  at  about  the 
time  of  Fermi’s  residence  in  Gottingen. 

Unf ortunate ly ,  it  seems  that  Fermi  did  not  become  a 
member  of  this  extraordinary  group  or  interact  with  them. 

I  do  not  know  the  reason  for  this.  Fermi’s  German  was 
certainly  good  enough  to  allow  easy  communication.  Born 
was  cordial  with  Fermi,  but  may  not  have  fully  appreciated 
his  ability. 100 

Laura  Fermi  offers  this  explanation: 

In  Germany  his  old  shyness  returned  and  hampered  his  sociaL 
relations. . .he  could  never  shed  the  feeling  that  he  was 
a  foreigner  and.  did  not  belong  in  the  group  of  men  around 
Professor  Born. 

Born  himseLf  was  kind  and  hospitable.  But  he  did 
not  guess  that... Fermi  was  groping  in  uncertainty  and 
seeking  reassurance.  He  was  hoping  for  a  pat  on  the  back 
from  Professor  Max  Born. 

Fermi  knew  himself  to  be  held  in  good  esteem  by  sci¬ 
entists  in  Italy.  He  also  knew  that  In  the  kingdom  of 
the  blind  the  one-eyed  man  is  king... What  was  the  measure 
of  his  abilities  by  absolute  standards?  Would  he  be 
capable  of  competing  with  young  scholars  Like  those  around 
Professor  Born. » . ?ldl 

From  these  passages  it  is  evident  that  Fermi  perceived  himseLf 
to  be  an  outsider  and  to  be  inadequate  in  competing  with  his 
contemporaries,  who  were  insiders,  for  the  attention  of  their 
mentor.  It  is  almost  an  inescapable  conclusion  that  this  sit¬ 
uation  generated  such  unexpected  anxiety  and  despair  in  Fermi 
by  virtue  of  its  nearly  perfect  reproduction  of  his  arrival 
into  his  f ami Ly  from  the  wet  nurse;  by  the  same  token,  it  con¬ 
firms  our  suspicions  of  the  importance  of  that  event  and  of 
GiuLio’s  role  in  Fermi’s  psyche,  and  it  goes  far  in  expLaining 
certain  of  the  sociaL  and  interpersonal  characteristics  of  sci¬ 
entific  research  under  Fermi  that  wi L L  be  explored  in  the  next 
chapter. 
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One  might  be  satisfied  with  the  foregoing  analysis  were 
it  not  for  an  additional  extremely  important  piece  of  history. 
When  Fermi  was  thirteen,  his  brother  died  suddenly  while  under¬ 
going  induction  of  anesthesia  for  simple  drainage  of  a  throat 
abscess.  G-iuLio’s  death  devastated  the  entire  family.  Mrs. 
Fermi  became  extreme Ly  depressed  for  a  prolonged  period,  and 
would  spend  alL  day  crying, Even  four  years  Later,  when 
Enrico  was  seventeen  and  ready  to  go  to  university,  Amidei 
feLt  that  one  of  the  reasons  he  should  to  to  Pisa  rather  than 
stay  in  Home  was  that  "he  could  study  with  greater  comfort  and 
peace,  inasmuch  as  a  very  depressing  atmosphere  prevailed  in 
his  home  after  Giulio’s  death. Laura  Fermi  states  that 
Mrs,  Fermi  never  recovered  from  the  Loss.  Such  prolonged 

grieving  bespeaks  a  pathologic  attachment  to  her  son  and  could 
not  have  faiLed  to  further  impress  Enrico  with  his  second-rate 
status  in  his  mother’s  eyes.  His  own  reaction  must  have  been 
exceedingly  complex:  grief  at  the  Loss  of  his  only  friend,  tri¬ 
umph  at  the  destruction  of  his  life-long  and  always-superior 
rivaL,  guilt  at  the  realization  that  his  hostiLe  fantasies  had 
come  true,  rejection  and  despair  at  his  mother’s  inaces sibi Li  ty 
despite  the  rival’s  disappearance.  His  defense  against  the 
grief  has  already  been  cited:  his  visit  to  the  hospital  a  week 
Later  to  "prove  to  himself  he  could  overcome  the  emotion." 

This  use  of  isolation  is  consistent  xvith  the  way  he  handled 
grief  in  Later  years,  at  his  father’s  death  ("you  know  with  me 
no  emotion  can  last  more  than  two  hours")  and  at  his  own  (count¬ 
ing  drops  of  the  intravenous  infusion).  It  also  has  an  element 

102Ibid. ,  p . 1? ,  Fermi,  op .  cit . ,  p .  1 7  • 
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of  reaction-formation,  which  we  have  seen  in  several  instances 
before,  and  more  important,  and  element  of  self-punishment  con¬ 
sistent  with  the  hypothesized  guilt  over  his  brother’s  death. 

GiuLio ’s  death  assumes  tremendous  significance  in  Fermi’s 
Life  in  that  it  was  immediately  following  this  that  Enrico 
began  to  study  mathematics  and  physics  with  the  intensity  that 
has  previously  been  alluded  to.  I  believe  this  can  be  under¬ 
stood  as  a  defensive  move  on  severaL  Levels,  many  of  which  are 
important  determinants  of  Fermi’s  styLe,  in  particular  his 
scientific  style.  First  and  most  simply,  the  intensity  of  his 
immersion  in  the  subject  represents  another  instance  of  isolation, 
in  which  the  mind  is  rendered  too  busy  to  aLLow  disturbing  emo¬ 
tions  to  intrude.  Second,  the  aggressiveness  of  his  attack  on 
physics  suggests  a  displacement  of  hostility,  possibLy  directed 
at  GiuLio  for  continuing  to  rob  him  of  his  mother’s  affection 
even  after  his  death.  Third,  the  inanimate  character  of  the 
object  of  his  attention  may  represent  a  final  rejection  of 
people,  all  of  whom  until  now  have  given  hope,  only  to  prove 
ultimately  untrustworthy  (his  nurse,  his  mother,  his  brother), 
and  thus  a  repression  of  interpersonal  needs,  or  a  sublimation 
of  those  needs.  Fourth,  the  choice  of  math  and  physics  (as 
opposed  to  some  other  equally  intense  and  inanimate  preoccu¬ 
pation)  no  doubt  relates  to  his  earlier  interest  in  related  ac¬ 
tivities  such  as  building  electric  motors  and  designing  air¬ 
plane  engines,  which  he  engaged  in  together  with  GiuLio, thus 
suggesting  a  process  of  identification  to  bring  GiuLio  back  in 
fantasy.  Fifth,  Fermi ’ s  preoccupation  initially  with  the 
specific  probLem  of  tops  and  gyros  suggests,  if  only  by  tem- 
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poraL  association,  an  eLement  of  obsessive  undoing  to  defend 
against  guilt;  whether  some  kind  of  symbol  is  involved  in  this 
or  any  other  specific  activity  of  Fermi  * s  is  impossible  to  say. 
Finally,  not  only  the  similarity  to  familiar  chi Ldhood  acti¬ 
vities  but  also  the  character  of  the  involvement  in  Fermi’s 
study  of  physics,  namely  the  concreteness  of  his  goals,  his 
emphasis  on  problem-solving,  and  his  insistence  on  practicality, 
point  to  a  regression  to  an  earlier  Level  of  inteLLectual 
function.  In  this  regard  it  will  be  heLpfuL  to  quote  Anna 
Freud  concerning  the  difference  between  the  types  of  intellec¬ 
tual  activity  characteristic  of  adolescence  and  Latency: 

The  intellectual  work  performed  by  the  ego  during  the 
latency  period  and  in  adult  life  is  incomparably  more 
solid,  more  reliable,  and  above  all,  much  more  cLosely 
connected  with  action  £than  that  performed  during  adol¬ 
escence]  ...  We  know  how  often  the  whoLe  interest  of  boys 
during  the  latency  period  is  concentrated  on  things  which 
have  an  actual,  objective  existence.  Some  boys  Love  to 
read  about  discoveries  and  adventures  or  to  study  numbers 
and  proportions  or  to  devour  descriptions  of  strange  ani- 
rnaLs  and  objects,  while  others  confine  their  attention 
to  machinery,  from  the  simplest  to  the  most  complicated 
form.  The  point  which  these  two  have  in  common  is  that 
the  object  in  which  they  are  interested  must  be  a  con¬ 
crete  one,  not  the  product  of  phantasy  like  the  fairy¬ 
tales  and  fables  enjoyed  in  early  childhood,  but  something 
which  has  an  actual  physical  existence.  When  the  pre- 
pubertal  period  begins,  a  tendency  for  the  concrete  in¬ 
terests  of  the  Latency  period  to  give  place  to  abstactions 
becomes  more  and  more  marked,  10° 

Though  one  might  argue  that  an  interest  in  mathematics  and 

physics  should  certainly  qualify  as  abstract,  the  point  is 

that  typical  adloescent  abstraction  is  not  goal-oriented  but 

rather  "seems  to  minister  to  daydreams, "10?  an£  that  the  objects 

of  interest  "are  the  very  same  as  have  given  rise  to  the  con- 
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fLicts  "between  the  different  psychic  institutions ; "108  that 
is,  the  normal  adolescent  preoccupation  with  inte'L Lectua Lity 
is  not  intended,  to  think  out  the  right  Line  of  behavior  but 
rather  to  mull  over  the  instinctual  conflict  that  is  increas¬ 
ing  on  a  biogenic  basis-while  it  may  be  brilliant,  it  is 
largely  unfruitful®  Fermi’s  intellectual  activity  in  his  adol¬ 
escence  was  definitely  fruitful  and  goal-oriented,  and  thus 
partook  more  of  latency  than  adolescence.  This  distinction 
is  of  major  importance  to  his  scientific  style. 

In  further  support  of  the  concept  of  regression  to  latency 
in  Fermi’s  overall  functioning  is  the  nature  of  his  object 
relations  during  adolescence.  Instead  of  the  usual  series  of 
intense  attachments  to  others  which  are  short-lived  and  charac¬ 
terized  by  a  high  degree  of  identification,  Fermi  retained  a 
single  friend  throughout  high  school  (fenrico  Persico)  and 
another  throughout  university  (Franco  Rasetti),  and  the  evi¬ 
dence  points  to  a  cLose  but  not  intense  relationship  in  each 
case®  One  is  tempted  to  say  that  Giulio  was  replaced  in  form 
but  not  substance,  but  there  is  really  too  little  evidence  to 
even  speculate  on  this. 

An  interesting  point  in  relation  to  the  regression  just 
noted  is  that  at  the  same  time  there  seems  to  have  been  a  false 
progression  beyond  adolescence,  in  that  at  age  thirteen  Fermi 
had  already  made  quite  firm  decisions  about  his  career, 109  and 
manifested  a  seriousness  of  purpose  more  characteristic  of  an 
adult.  The  only  reference  to  any  typical Ly  adolescent  behav¬ 
ior  I  can  find  is  his  membership  in  the  Societa  Anti-Prossimo, 
or  Anti-Neighbor  Society,  organized  by  Rasetti  at  Pisa  for 
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the  purpose  of  playing  practical  jokes  on  people.110  At  any 
rate,  it  seems  that  it  was  important  for  Fermi  to  avoid  adol¬ 
escence*  One  can  concoct  explanations  involving  the  recrud¬ 
escence  of  incestuous  fantasies  at  the  beginning  of  puberty 
coinciding  with  the  death  of  the  rival,  leading  to  intensified 
fantasies  and  the  need  to  defend  against  them,  with  regression 
to  the  previous  unthreatening  stage  of  instinctual  repression 
as  the  most  logical  solution;  but  I  do  not  think  it  worthwhile 
to  formulate  such  wild  hypotheses  when  it  is  impossible  to 
provide  either  support  or  rebuttal  for  them. 

I  think  I  have  now  gone  as  far  as  I  can  (perhaps  farther 
than  I  ought  to  have  gone)  in  analyzing  Fermi’s  behavioral 
style,  its  origins,  and  its  meaning.  It  is  time  to  proceed 
to  analyze  his  scientific  style  and  to  correlate  it  with  what 
has  already  been  said. 


CHAPTER  IV 


FERMI  *  S  SCIENTIFIC  STYLE 

The  most  obvious  and  most  wideLy  recognized  styListic  dis¬ 
tinction  in  physics  is  that  between  theoretical  and  experimental 
physicists.  So  wide  is  the  gap  between  these  two  camps  that,  to 
Listen  to  a  discussion  among  physicists  of  the  historical  devel¬ 
opment  of  modern  physics, ^  one  gets  the  impression  that  they 
are  separate  disciplines.  This  overstates  the  situation,  of 
course,  since  there  must  be  interpLay  between  theory  and  exper¬ 
iment  for  any  science  to  progress;  but  it  seems  that  in  physics, 
one  group  of  physicists  develops  theory  and  an  entirely  differ¬ 
ent  group  deveLops  experiment.  Indeed,  Roe's  studies  of  physi¬ 
cal  scientists  show  that  theorists  and  experimentalists  can  be 
distinguished  quite  easily  on  the  basis  of  certain  tests  of 
cognitive  and  intellectual  skilL. 

Thus  it  is  of  considerable  significance  that  Fermi  does 
not  fit  into  these  categories;  rather,  he  was  both  a  theorist 
and  an  experimentalist  throughout  his  career,  and  made  impor¬ 
tant  contributions  to  both  fields.  In  his  early  years,  he 
Leaned  more  heavily  toward  theory,  but  this  was  only  natural, 
since  Fermi's  only  exposure  to  physics  was  through  books  before 
he  attended  university.  Segre  states  that  in  Fermi's  notes 
from  the  summer  of  1919*  in  which  he  organized  his  knowledge 

■^See  especially  the  Second  Exploratory  Conference  on  the  His¬ 
tory  of  Nuclear  Physics,  ojo.  clt. ,  on  "The  RoLe  of  Theory  and 
Experiment  in  the  Development  of  Nuclear  Physics." 
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of  physics,  the  theoretical  material  was  discussed  with  ex- 
reme^ly  good  judgment,  whereas  the  experimental  material  Lacked 
the  same  measure  of  critical  evaluation,2  At  Pisa,  a  labor¬ 
atory  and  apparatus  became  available  to  Fermi  for  the  first 
time,  and  he  did  experimental  work  with  X-rays  for  his  doctor¬ 
al  dissertation, 3  of  course,  the  choice  of  an  experimental 
topic  was  not  a  free  one,  since  theoretical  physics  was  not 
recognized  as  a  discipline  in  Italian  universities  at  the  time, 
the  equivalent  subject  matter  being  considered  the  province  of 
mathematics  departments  (in  fact,  Fermi  himself  was  made  the 
first  Italian  professor  of  theoretical  physics  when  he  went 
to  Rome);  a  thesis  on  a  theoretical  topic  would  have  been 
essentially  unacceptable.  But  Rasetti  feels  that 

Fermi* s  experimental  activities  in  his  third  and  fourth 
university  years  were  not  prompted  by  the  convenience 
of  presenting  an  acceptable  dissertation.  He  obviously 
enjoyed  experimental  work  as  much  as  theoretical  abstrac¬ 
tion,  and  especially  the  alternation  of  the  two  types  of 
activities.  He  was  from  the  first  a  complete  physicist 
for  whom  theory  and  experiment  possessed  equal  weight, 
even  though  for  many  years  his  fame  was  based  chiefly  on 
the  theoretical  contributions*^ 

As  Rasetti  implies,  Fermi  * s  early  work,  until  the  early  1930 •  s, 
was  predominant ly  theoretical,  as  can  be  easily  seen  from  the 
titLes  of  his  papers  from  that  period;  but  interspersed  among 
the  theoretical  papers  are  several  on  experimental  topics,  such 
as  those  in  collaboration  with  Rasetti  when  they  were  together 
in  FLorence  in  1925-26  on  the  effects  of  magnetic  fields  on 


2Segr£,  op.  cit, ,  p.l3. 

3Fermi*s  thesis  is  reproduced  in  Note  e  Memorie  (Collected 
Papers )  as  No.  ?,  Hereafter  references  to  these  papers  will 
be  made  as  follows:  FP  ?.  References  to  the  prefatory  notes 
will  include  author,  volume,  and  page  number,  as:  Rasetti  in 
FP  I,  p.243.  References  to  the  Biographical  Introduction  by 
Emilio  Segr£  will  take  the  form:  FP,  Biog,  Intro,,  p.xix, 

^'Rasetti  in  FP  I,  p.56. 
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the  polarization  of  mercury’s  resonance  radiation. -5  At  Rome, 
Fermi  followed  Rasetti’s  spectroscopic  work  cioseLy,  and  attemp¬ 
ted  to  coordinate  some  of  his  theoretical  work  with  it,  as  in 
his  papers  on  aLkali  metals^  and  the  Raman  effect,*' 

After  about  1932,  Fermi’s  research  was  ftirLy  evenly  div¬ 
ided  between  theory  and  experiment;  indeed,  the  two  tended  to 
blend  into  one  another  in  the  new  field  of  nuclear  physics  to 
which  the  Rome  group  had  turned,  Fermi’s  most  significant  and 
Lasting  contribution  to  theoretical  physics,  the  theory  of 
beta  rays,-  was  completed  Late  in  1933*  and  was  fol Lowed  in 
earLy  1934  by  his  most  significant  experimental  work,  the  dis¬ 
covery  of  neutron-induced  artificial  radioactivity 9  and  the 
related  discovery  later  that  year  of  thermal  neutrons,!0  work 
which  ultimately  Led  to  the  NobeL  Prize  in  1938.  After  coming 
to  America  in  1938,  Fermi  did  theoretical  work  at  Columbia 
for  a  few  years,  then  supervised  the  construction  of  the  first 
chain- reacting  pile  at  Chicago  in  1941-42,  a  job  requiring  both 
theoretical  and  experimental  talents  for  which  he  was  uniquely 
suited.  He  was  signed  on  as  a  theorist  for  the  atom  bomb  pro¬ 
ject  at  Los  Alamos,  but  also  engaged  in  a  substantial  amount  of 
experimentation,  Fermi  was  thus  very  flexible  with  respect 
to  theory  and  experiment,  and  could  shut  off  either  according 
to  necessity;!^  for  example,  in  194?  he  turned  to  pure  theory 
of  high-energy  particles  while  he  was  waiting  for  the  Chicago 
synchrotron  to  be  completed,  in  preparation  for  the  experimental 

5FP  26-28. 

6FP  54a. 

?FP  68,  69,  ?1. 

8FP  76,  80a,  80b. 


9fp  84-92. 
10FP  105-106 
!!FFI  2,  p, 8 
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work  he  planned  to  do  with  the  big  machine. According  to 
Segr^»  what  pleased  Fermi  most  was  to  combine  his  own  theory 
with  his  own  experiment . 1 3 

In  order  to  understand  Fermi’s  Lack  of  preference  for 
either  theory  or  experiment  from  the  psychological  point  of 
view,  it  is  helpful  first  to  consider  another  unique  feature 
of  his  scientific  styLe:  his  lack  of  specialization.  As  opposed 
to  most  physicists,  who  narrow  their  field  of  interest  and  exper 
tise  to  the  exclusion  of  other  specialized  areas,  Fermi  main¬ 
tained  active  interest  and  knowLedgabi Lity  in  all  fields  of 
physics  throughout  his  Life.  At  Los  ALamos,  he  was  consulted 
as  a  sort  of  oracle  on  any  and  aLL  subjects:  "We  Looked  to  him 
for  the  overall  guidance,  such  a  thing  as,  ’Is  it  going  to  work? 
or  ’What  are  the  odds?*-~we’d  ask  Fermi. Segre  teLls  of  an 
electronics  expert  who,  confronted  with  a  difficult  and  frus¬ 
trating  circuit  problem,  went  to  Fermi  in  desperation;  Fermi 
soLved  the  problem  in  twenty  minutes. ^5  SimiLarLy,  Fermi’s 
unique  acquaintance  with  aLl  aspects  of  physics  made  him  the 
prime  candidate  for  coordination  of  the  first  atom-bomb  test 
at  ALamagordo,  whose  problems 

ranged  from  hydrodynamics  to  nucLear  physics,  from  optics 
to  thermodynamics,  from  geophysics  to  nuclear  chemistry. 
Often  they  were  closeLy  interrelated,  and  to  soLve  one 
it  was  necessary  to  understand  the  others... At  the  time 
of  the  test,  he  was  one  of  the  few  persons  (or  perhaps 
the  only  one)  who  understood  all  the  technical  ramifi¬ 
cations  of  the  activities  at  ALamogordo, 

At  Columbia,  Fermi  taught  a  course  in  geophysics  in  addition 

to  his  usuaL  courses  in  nuclear  physics  and  quantum  mechanics. -7 

In  his  seminars,  virtually  any  topic  could  be  brought  up,  and 


12FFI  26,  p. 6. 

15Segre, 

op.  cit . ,  p.l4Q. 

13segrk,  o£.  cit.,  p.23* 

l6Ibid. . 

p. 145. 

14FFI  3,  P.6. 

^Ibid. , 

p.105. 
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Fermi  could  give  an  extemporaneous  lecture  on  it.-®  Often  in 

his  scientific  papers  one  runs  across  an  odd  one  on  a  subject 

completely  different  from  those  around  it;  for  example,  in  1929* 

when  Fermi  was  deeply  involved  in  quantum  electrodynamics, 

there  appears  a  paper  on  the  effect  of  the  increase  in  mass  of 

a  pLanet  caused  by  the  fall  of  meteorites. ^9 

Fermi’s  colleagues  sum  up  these  unique  features  of  his 

styLe  in  physics  by  calling  him  a  "total  physicist’' , 20  **one 

of  the  last  great  complete  physicists", 21  “one  of  the  last 

really  all-round  physicists. "22  Segrl  praises  him  as  follows: 

He  gave  to  science  all  he  had  and  with  him  disappeared 
the  last  universal  physicist  in  the  tradition  of  the  great 
men  of  the  19th  century,  when  it  was  still  possible  for  a 
single  person  to  reach  the  highest  summits,  both  in  theory 
and  experiment,  and  to  dominate  all  fields  of  physics. 23 

I  think  the  key  word  in  this  passage  is  "dominate".  Whereas 
it  appears  at  first  that  Fermi’s  breadth  of  interest  in  physics 
runs  counter  to  the  typical  narrow,  restricted  obsessive  style, 
in  fact  it  represents  a  different  manif estation  of  this  style, 
and  one  which  we  have  seen  in  Fermi  to  be  much  stronger:  the 
preoccupation  with  control.  Fermi  was  not  content  to  be  master 
of  a  single  subfield  of  physics,  but  rather  was  driven  to  mas¬ 
ter  the  entire  discipline,  just  as  he  was  driven  to  prove  his 
superiority  in  everything  else  he  did.  So  strong  was  this  drive 
that,  even  after  he  had  reached  a  position  of  unquestioned  auth¬ 
ority  in  neutron  physics,  a  position  that  would  be  envied  by 
many  an  obsessive,  he  abandoned  this  field  and  entered  a  new 
one  (high-energy  physics)  in  which  his  experience  was  equal  to 


18Ibid.,  p.51. 

20FFI  6,  p.4. 

22FFI  9,  p.6. 

19fp  51. 

21FFI  8,  p. 14. 

2^FP  Biog.  Intro.,  p.Lxx. 
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or  Less  than  that  of  others  in  the  fieLd,  quoting  with  irony 
the  Fascist  sLogan,  "0  rinnovarsi  o  peri re"  (renew  ourselves 
or  perish).^  This  type  of  seLf-conscious  career  change  was 
not  an  isolated  event  for  Fermi,  but  rather  a  frequent  occur¬ 
rence;  it  contrasts  markedly  with  the  style  of  most  physicists, 
who  either  maintain  a  LifeLong  interest  in  a  single  area  (for 
example,  Einstein  in  his  pursuit  of  a  unified  fieLd  theory)  or 
gradually  evolve  their  interests  into  new  but  related  areas 
(for  example,  Bohr  in  his  pursuit  of  the  many  ramifications  of 
the  principle  of  complementarity). 

However,  while  Fermi’s  willingness  to  change  profoundly 
the  direction  of  his  career  may  be  evidence  of  the  strength  of 
his  drive  to  demonstrate  controL  over  his  environment,  and  thus 
heLps  reconcile  the  breadth  of  his  interest  in  physics  with  his 
basic  psychoLogicaL  style,  this  willingness  raises  another  anom- 
aLy  with  respect  to  the  obsessive  style:  such  changes  invoLve 
a  risk  of  considerable  magnitude  that  one  would  expect  an  ob¬ 
sessive  person  to  be  unwilling  to  take.  The  unknown  is  a  major 
source  of  anxiety  for  the  obsessive,  and  also  for  Fermi,  as 
indicated  in  the  Last  chapter.  We  must  conclude  that  for  Fermi 
to  make  such  a  move,  he  must  have  calculated  a  high  probability 
of  a  successful  outcome;  it  is  certainly  difficult  to  imagine 
him  making  the  decision  on  impulse.* 

*  Though  obsessives  often  make  decisions  on  impuLse,  this  occurs 
ordinarily  when  th©y  are  confronted  with  an  unavoidable  need 
to  commit  themselves  to  one  course  of  action  or  another,  in 
a  situation  where  there  is  no  way  to  choose  "rationally” 
between  alternatives,  and  then  only  after  much  oscillation 
and.  stewing.  Fermi’s  career  changes  were  cLearLy  not  sit¬ 
uations  of  this  type:  he  was  not  forced  to  decide  by  any  cir¬ 
cumstances  whatever.  In  all  my  readings  on  Fermi,  I  have  not 
encountered  a  single  example  of  an  impuLsive  decision. 

24segr^ ,  op.  cit . 9  p.l 66, 
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There  is  good  evidence  that  indeed  Fermi  did  make  such  a 
calculation,  in  at  Least  one  case  of  a  career  change,  in  fact 
the  most  important  one  he  ever  made:  his  switch  from  pure 
theoretical  atomic  physics  to  experimental  nuclear  physics  in 
the  earLy  1930* s.  This  switch  had  such  a  profound  impact  on 
his  career,  and  indeed  on  the  fate  of  the  entire  Rome  school 
of  physics,  that  it  has  been  the  subject  of  much  discussion 
among  the  participants  and  others,  including  historians  of 
science,  I  am  most  indebted  to  the  thorough  and  penetrating 
analysis  of  Gerald  Holton, c$ 

A  colleague  of  Fermi’s  relates  that  later  in  his  career, 
Fermi  confessed  that  he  had  realized  quite  early  in  his  career 
that  he  was  not  good  enough  to  be  a  pure  theorist, “u  He  began 
to  search  for  an  appropriate  experimental  field.  The  most 
obvious  choice  was  spectroscopy;  the  other  members  of  the  Rome 
group  were  working  in  this  field  and  knew  the  techniques,  and 
the  lab  had  the  necessary  equipment  to  do  spectroscopic  exper¬ 
iments,  But  Fermi  felt  that,  with  the  advent  of  quantum  mech¬ 
anics,  atomic  physics  was  a  mature  field,  with  few  discoveries 
to  be  made.  He  and  Corbino  discussed  the  matter,  and  Corbino 
delivered  a  speech  before  the  Society  ItaLiana  per  il  ? rogresso 
deLLe  Scienze  in  1929  on  "The  New  Goals  of  Experimental  Physics, 
in  which  he  clearly  stated  that  in  nuclear  physics  lay  the  only 
hope  for  Italy  to  regain  its  stature  as  an  important  nation 
in  the  realm  of  physics,  in  that  this  was  the  only  field  offer- 

25GeraLd  Holton, "Striking  GoLd  in  Science:  Fermi’s  Group 
and  the  Recapturing  of  Italy’s  Place  in  Physics,"  Minerva 
VOL,  12,  no.  2,  Apri L  197*.  PP.159-198.  '  ’ 

26FFI  6,  p.l. 
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ing  the  possibility  of  great  new  discoveries, 2? 

The  translation  of  this  general  exhortation  into  reality 
was  done  in  a  cool,  pragmatic,  and  carefully  calculated  way. 

The  rest  of  the  group  protested  the  change,  pointing  out  that 
they  knew  nothing  about  nuclear  physics  and  would  have  to  start 
from  scratch,  but  Fermi  and  Corbino  ultimately  prevailed,  Fermi 
assigned  Eduardo  AmaLdi  the  task  of  giving  a  seminar  from  the 
latest  edition  of  the  basic  text  of  Rutherford,  Chadwick,  and 
Ellis, 28  While  the  group  continued  to  publish  actively  in 
spectroscopy ,  Fermi,  in  addition  to  papers  on  quantum  mechanics, 
began  to  publish  a  few  theoretical  papers  which  bridged  the 
gap  between  spectroscopy  and  nuclear  physics,  such  as  the  paper 
on  hyperfine  structure^  and  the  theory  of  beta  decay.  Members 
of  the  group  were  sent  individually  to  laboratories  actively 
engaged  in  nuclear  experimentation  to  learn  the  techniques  and 
returned  with  them  to  Rome,  The  next  step  was  the  organization 
in  1931  of  an  International  Congress  on  Nuclear  Physics  in  Rome 
by  Fermi  and  Corbino,  sponsored  by  the  ReaLe  Accademia  d* Italia, 
to  which  most  of  the  active  theorists  and  experimentalists  in 
nuclear  physics  came.  The  group  began  to  collect  nuclear  appar¬ 
atus,  including  a  cloud  chamber,  gamma- ray  spectrometer,  and 
Geiger  counters.  Just  around  this  time  the  neutron  was  dis¬ 
covered.  in  England,  and  shortly  therafter  the  Rome  group  ac¬ 
quired  the  means  to  produce  a  good  source  of  neutrons.  This 

2?Portions  of  Corbino* s  speech  are  quoted  by  Segr£,  op.  cit » . 
pp. 65-67.  The  full  text,  translated  by  Fausta  Segr¥,  appears 
in  Minerva,  vol,  IX,  no.  4,  October  1971*  pp, 528-538. 

•^Radiations  from  Radioactive  Substances  (Cambridge:  Cambridge 
University  Press,  193°) « 

2?FP  75. 
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was  in  1932;  but  the  group  published  virtually  no  work  in  nue- 
tear  physics  for  two  years,  waiting  instead  for  a  good  probLem 
to  appear  which  they  could  attack  whole-heartedly. 

The  moment  came  in  January  193^  with  the  announcement  of 
the  discovery  by  the  Joliot- Curies  that  bombardment  of  certain 
elements  with  alpha  particles  produced  new  radioactive  iso¬ 
topes.  Fermi,  on  first  hearing  of  this,  said,  "That  obviously 
should  be  done  with  neutrons.  Neutrons  should  be  much  better 
than  this, "30  and  Segrk  reports  that  the  feeLing  in  the  lab  was 
one  of  excitement:  "Now  we  are  all  equal,  because  on  this  one, 
we  have  the  source,  and  we  start. "31  The  work  that  was  thus 
initiated  immediately  kept  the  group  at  a  feverish  pace  for 
the  next  year,  and  Led  ultimately  to  the  Nobel  Prize  for  Fermi 
in  1938. 

The  point  of  reLating  these  events  in  such  detail  is  to 
show  that,  rather  than  an  abrupt  change  of  direction  entailing 
aLL  sorts  of  unknown  risks  that  wouLd  seem  out  of  character 
for  Fermi,  this  change  (and  the  others  he  made  like  it  through¬ 
out  his  career)  was  the  result  of  a  carefully  calculated  and 
executed  plan  with  a  high  probability  of  producing  a  Large 
payoff,  and  thus  was  highly  typical  of  Fermi  * s  style.  The 
urgency  with  which  the  group  worked  clearly  points  out  the  com¬ 
petitive  nature  of  the  enterprise;  the  fact  that  the  group 
had  a  head  start  on  everyone  else  makes  the  situation  all  the 
more  typicaL  of  Fermi’s  driven  style:  he  always  Liked  to  com¬ 
pete  when  he  knew  he  had  the  advantage. 

3^American  Philosophical  Society,  Sources  for  the  History  of 
Quantum  Physics,  interview  with  Ama'Ldi,  p.26.  Hereafter 
referred  to  as:  Amaldi,  SHQP,  p.26. 

31Segre,  SHQP,  p.18. 


That  Fermi  was  very  much  opposed  to  risk-taking  in  his 
scientific  work  is  evident  from  other  observations.  Segre 
characterizes  him  as  a  scientific  conservatives  "Because  Fermi 
Loathed  being  in  error,  and  error  is  occasionally  unavoidable, 
he  wanted  to  be  in  error  only  for  having  claimed  too  littLe."^2 
A  good  illustration  of  this  is  the  time  when  certain  results  in 
the  neutron-bombardment  of  uranium  suggested  the  possibility 
of  the  production  of  transuranic  elements;  Fermi  mentioned  this 
to  Corblno,  who  promptly  incLuded  it  in  a  speech  he  was  giving. 
Fermi  became  quite  angry,  because  the  results  had  not  been  ad¬ 
equately  confirmed,  and  made  Corbino  qualify  his  statement  pub¬ 
lic  Ly.  ^ 

One  can  observe  in  Fermi’s  choice  of  specific  problems  the 
mark  of  a  man  who  wants  a  sure  thing.  His  theoretical  papers 
are  refinements  of  existing  theory,  comment  on  the  work  of 
others,  or  applications  of  theory  to  new  phenomena.  Ilis  exper¬ 
imental  work  consisted  chiefly  of  making  measurements  within  the 
framework  of  existing  theory;  in  fact,  Fermi’s  advice  to  a 
student  is  quoted  in  Deutsch’s  article  describing  the  three 
types  of  style  in  experimental  physics  mentioned  in  chapter 
two:  "Go  ahead  and  perform  this  experiment.  If  you  are  Lucky, 
you  will  make  a  discovery;  if  you  have  bad  luck  and  your 
results  agree  with  existing  theory,  you  have  at  least  performed 


33Segre,  0£.  clt . .  pp.?6-77,  and  L.  Fermi,  o£.  ci t .  «  pp. 90-93* 

In  fact,  the  results  were  probably  due  to  the  fission  of 
uranium,  a  possibility  Fermi  had  not  considered  and  which  was 
discovered  by  others  several  years  Later--a  fact  which  annoyed 
Fermi  no  end.  Fermi’s  NobeL  Prize  was  awarded,  in  part  because 
of  his  "discovery"  of  the  transuranic  elements,  and.  so  in 
Later  years,  after  fission  was  discovered,  peopLe  joked  about 
the  fact  that  Fermi  was  the  onLy  man  who  had.  ever  received 
the  NobeL  Prize  for  an  unsubstantiated  discovery  (Segre,  op. 
oit.,  p.99). 

3 2 rbid. ,  p.103. 
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a  measurement .  **33  CLearLy  Fermi  is  here  advocating  adoption 
of  a  styLe  which  insures  as  much  as  possible  against  failure® 

If  one  applies  such  a  style  to  a  brand  new  field,  such  as 
nuclear  physics  in  193^»  one  is  bound  to  make  discoveries,  and 
it  was  precisely  this  fact  that  made  Fermi 9 s  move  into  this 
field  a  guarantee  of  success  rather  than  a  risk  of  failure. 

This  style  is  referred  to  as  "normal  science"  by  Kuhn,  and  it 
is  clear  that,  for  all  his  productivity,  Fermi  stayed  closely 
within  the  confines  of  paradigms  throughout  his  career.  His 
colleagues  generally  agree  that  he  was  not  among  the  most 
imaginative  physicists  of  the  age;  one  even  goes  so  far  as  to 
say  that  Fermi  never  invented  a  new  idea,  although  he  used 
others’  ideas  brilliantly. 3^  Another  comments  that  Fermi  did. 
things  that  everybody  knew  could  be  done,  but  he  did  them,  first 
because  he  could  work  harder  and  concentrate  better  than  anyone 
else, 35  Thus  we  have  further  evidence  of  typical  obsessive 
elements  in  Fermi’s  style. 

One  is  Led  to  further  interesting  psychological  specula¬ 
tion  by  considering  Fermi’s  career  changes  in  a  different  Light, 
Besides  offering  a  high  probability  of  making  important  dis¬ 
coveries,  entry  Into  a  brand  new  field  of  science,  in  which 
no  one  is  an  authority,  offers  to  someone  like  Fermi  the  oppor¬ 
tunity  to  work  in  the  absence  of  serious  rivals.  In  the  last 
chapter  it  was  suggested  that  Fermi’s  depression  in  Gottingen 
was  directly  related,  to  his  perception  of  the  situation  as 
identical  to  the  one  he  had  faced  on  returning  to  his  family 
from  the  wet  nurse  at  age  two  and  a  half,  namely,  as  a  rival 

33Deutsch,  op.  cat . ,  p.!05»  35ffi  27,  p*5» 

3^FFI  26,  p.5. 
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forced  to  compete  with  someone  older,  more  powerful,  and  with 
a  head  start,,  It  does  not  seem  unreasonable  to  suppose  that 
this  type  of  perception  underlay  some  of  Fermi’s  wiLiingness 
to  embark  on  new  adventures,  provided  there  was  no  cLearLy 
superior  force  to  contend  with. 

Certainly  this  kind  of  motive  underlay  the  social  and 
institutional  milieu  in  which  Fermi  worked  for  most  of  his 
life.  This  is  especially  typified  by  the  Rome  group,  but  can 
also  be  seen  in  other  situations  as  well.  Specifically,  Fermi 
preferred  to  work  in  small  groups  in  which  he  was  clearly  the 
superior  authority, 36  even  though  he  did  not  care  to  exercise 
that  authority.  Segrk  writes  that  in  Later  years,  Fermi 
dreamed  of  some  day  teaching  all  of  physics  from  start  to 
finish  to  a  small  group  of  students. 37  Holton  points  out  the 
striking  similarity  between  the  interpersonal  structure  of  the 
Rome  group  and  that  of  a  family. 38  The  informal,  bantering 
nature  of  their  interaction  contrasted  markedly  with  the  grav¬ 
ity  of  the  German  groups.  They  were  called  "Corbino9 s  boys’5, 
and  in  fact  Corbino  and  his  family  actually  lived  upstairs  in 
the  physics  building;  that  Corbino  was  truly  regarded  as  the 
head  of  the  family  is  indicated  by  his  nickname  from  the  Church 
hierarchy:  "Padre  Eterno".  The  group  members  were  recruited 
not  by  the  usual  channels  of  application,  but  rather  by  word  of 
mouth  from  friend  to  close  friend;  when  Segre  was  proposed  by 
Rasetti  as  a  possible  member,  Fermi  made  Segr^’s  acquaintance 
casuaLLy  outside  of  the  university  and  would  give  him  problems 
from  their  surroundings  (much  Like  the  exams  in  "general  culture" 


36FFI  28,  p.l. 
37segr^,  op.  cit . , 


p.171 


3'8HoLton,  o£.  cit.,  p.191 
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for  the  girLs),  feeling  him  out  to  see  if  he  was  suitable 
material  for  his  group;  Amald.i  was  recruited  in  a  similar  way. 
Holton  draws  attention  to  the  fact  that  the  way  in  which  Fermi 
•’adopted'’  Segre  and  Amaldi  was  quite  similar  to  the  way  in 
which  Fermi  had  earlier  been  ”adopted’’by  Amidei  and  then  by 
Corbino;  his  use  of  this  expression  raises  the  question  of  the 
importance  of  the  father  role  to  Fermi. 

We  actually  know  aLmost  nothing  about  Fermi 9  s  relationship 
with  his  father,  but  it  is  reasonable  to  suppose  that  he  was 
rather  closer  to  him  than  to  his  mother;  perhaps  Fermi  and  his 
father  were  drawn  closer  by  her  preoccupation  with  Giulia. 

Fermi  did  go  to  meet  his  father  and  walk  home  with  him  almost 
every  day  after  work;  this  is  in  fact  how  he  made  Amidei* s 
acquaintance.  That  Fermi  depended  on  the  support  of  a  father 
figure  is  hinted  at  by  the  aLmost  constant  presence  of  such  a 
figure  throughout  his  career,  even  into  his  mature  years: 

Amidei,  Corbino,  Pegram  at  Columbia,  Compton  at  the  Chicago 
Met  Lab,  Allison  at  the  University  of  Chicago.  These  men  all 
seem  to  some  extent  to  have  filled  the  role  of  protector  of 
Fermi  from  embroilment  in  politics  and  administration,  for 
which  he  had  great  antipathy,  and  provider  of  funds  and  influence 
when  he  needed  them.  The  only  time  when  Fermi  seemed  to  be 
without  such  a  father  figure  is  the  exception  that  proves  the 
rule:  when  he  was  in  Gottingen,  Born  took  no  special  interest 
in  Fermi,  and  Fermi  became  depressed  and  unproductive;  his 
wife’s  account,  quoted  in  the  Last  chapter,  makes  it  quite 
clear  that  Fermi  perceived  his  failure  in  Gottingen  in  relation 
to  Born’s  neglect  of  him.  That  quite  the  opposite  occurred 
the  following  year,  when  Fermi  did  a  fellowship  in  Leyden  with 
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Ehrenfest,  who  was  specifically  noted  to  be”father.ly"  and  to 
have  "taken  Fermi  under  his  wing, "39  confirms  this  hypothesis. 

It  would  appear  that  Fermi  needed  to  create  a  milieu  in  which 
to  work  where  his  position  was  essentially  that  of  an  unriv¬ 
aled  favorite  son.  Holton’s  observations  on  the  unique  and 
innovative  aspects  of  the  social  organization  of  the  Rome 
group* s  activities,  which  were  in  Large  measure  responsible  for 
the  group’s  productivity  (and  some  of  which  have  since  been 
wideLy  adopted),  Lend  particular  significance  to  this  dynamic.^0 

Returning  to  more  solid  ground,  we  may  easily  see  other 
eLements  of  Fermi’s  particular  type  of  obsessive-compulsive 
style  reflected  in  his  approach  to  physics.  His  compulsion  to 
compete  manifested  itself  in  such  ways  as  racing  to  derive  a 
formula  before  a  student  could  run  to  the  Library  to  Look  it 
up;^!  Edward  Teller  is  spoken  of  as  Fermi’s  "intellectual  spar¬ 
ring  partner"^2  at  Los  Alamos,  and  Fermi’s  "discussions"  on 
hydrodynamics  with  von  Neumann  took  the  form  of  races  to  derive 
the  equations  on  the  blackboard. ^3  His  overanswering  of  stu¬ 
dents’  questions  was  mentioned  in  the  Last  chapter,  and  Segre 
says  that  Fermi  enjoyed  writing  and  compiling  questions  for 
graduate  students’  general  exams,  which  he  wouLd  answer  himself, 
usuaLLy  in  one  Line,  for  his  own  entertainment This  type 
of  Lopsided  competition  is  highly  reminiscent  of  the  exams  in 
"general  culture"  which  he  and  Rasetti  subjected  Fermi’s  wife 
and  her  friends  to. 

Fermi’s  most  intense  competitor,  however,  was  Fermi  himself. 


39l.  Fermi,  o£.  cit . ,  p.79® 
^°HoLton,  o£*  cit . ,  pp. 187-95 
^Segr&,  ojd *  cit. .  p.56. 


42FFI  3,  p.5. 

^Segre,  op .  cit . ,  p.140 
^Ibid. ,  p.27. 
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The  chaLLenge  of  a  probLem,  and  of  physics  in  general,  for  that 
matter,  was  what  held  Fermi’s  interest,  and  a  chaLLenge  in 
physics  was  no  Less  irresistabLe  to  him  than  a  chaLLenge  to 
puLL  himself  out  of  a  canaL.  A  student  says  that  it  was  fas¬ 
cinating  to  watch  him  when  he  heard  of  a  new  probLem  for  the 
first  times  he  would.  go  straight  to  the  blackboard  and  begin 
writing  equations  as  if  he  had  been  working  on  it  for  some 
time®^5  a  chemist  teLLs  of  the  time  Fermi  asked  him  what  he 
was  working  on;  the  chemist  replied,  that  his  research  concerned 
the  properties  of  two-solvent  systems,  and  described,  the  exper¬ 
imental  results.  He  was  about  to  tell  Fermi  what  conclusions 
he  had  reached,  but  Fermi  cut  him  off  and  asked  for  a  minute 
to  think  about  it  himself,  after  which  he  gave  the  same  con¬ 
clusions  it  had  taken  the  chemist  a  month  to  arrive  at.^®  Sim¬ 
ilarly,  Fermi  did  not  simply  read  a  paper  in  a  journal: 

...he  was  LikeLy  to  read  the  first  page  of  a  paper  and 
the  Last  page  of  the  paper,  namely,  what  was  the  probLem, 
what  was  the  result,  then  to  redo  it  by  himself,  very  often 
using  different  tools,  different  mathematical  methods, 
different  approach,  and  so  on.  It  turned,  out  that  very 
often  his  way  of  doing  it. ..was  much  simpler  than  the 
original  one.4 *? 

When  Fermi  found  a  paper  or  a  concept  especially  difficult, 
the  chaLLenge  it  represented  was  particularly  acute  for  him, 
and  he  would  work  very  hard,  on  the  ideas  until  he  had  mastered 
them.  Paradoxically,  some  of  his  greatest  contributions  to 
physics  arose  from  precisely  this  process.  For  exampLe,  his 
recasting  of  Dirac’s  radiation  theory,  which  had  been  too  ab¬ 
stract  for  him  in  its  original  form,  gave  rise  to  a  paper 
entitled  "Quantum  Theory  of  Radiation”  in  1932* about  which 


45ffi  6,  p.5. 
46ffi  3,  p. 3. 
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Ha  ns  Bethe  has  remarked :  "It  came  after  a  number  of  quite  com¬ 
plicated  papers  on  the  subject,  and  without  Fermi  * s  enlighten¬ 
ing  simplicity  I  think  many  of  us  would  never  have  been  able 
to  follow  into  the  depths  of  field  theory."^  An  even  more 
impressive  illustration  is  Fermi’s  theory  of  beta  decay,  in 
which  he  made  use  of  the  mathematical  formalism  known  as  second 
quantization  of  fields.  This  was  a  method  with  which  he  had 
had  great  difficulty;  he  had  filled  many  notebooks  in  an  attempt 
to  understand  the  creation  and  destruction  operators,  and  made 
many  unsuccessful  attempts  to  explain  them  to  others.  Finally, 
after  much  work,  Fermi  announced  that  he  understood  the  tech¬ 
nique,  and  that  he  wanted  an  exercise  to  use  it  on.  He  chose 
the  phenomenon  of  beta  radiation,  which  had  puzzled  physicists 
for  years  with  its  apparent  non-conservation  of  energy,  and 
the  result  was  perhaps  his  most  significant  single  contribution 
to  theoretical  physics. To  observe  that  such  an  approach 
demonstrates  the  defense  of  reaction-formation  in  a  person 
with  pervasive  feelings  of  inferiority  perhaps  does  not  do 
justice  to  the  quality  of  the  result;  but  it  does  show  how 
a  scientist’s  psychological  style  may  have  an  important  impact 
on  his  work.  One  cannot  help  thinking  of  blind  painters  and 
architects,  or  deaf  musicians  and  cardiologists. 

The  specific  difficulties  Fermi  had  with  certain  concepts 
and  techniques  are  evidence  of  another  stylistic  difference. 
Fermi’s  style  was  problem-  and  goal-oriented;  he  set  himself 

^9 Hans  Bethe,  remarks  from  the  chair  at  the  memorial  symposium 
held  in  honor  of  Fermi  at  the  American  Physical  Society’s 
Washington  meeting,  Apri L  29.  1955,  Reviews  of  Modern  Physics, 
vol .  XXVII  (1955),  p.253, 

■^Archive  for  Quantum  Physics,  interview  with  EmiLio  Segre 

(May  18,  1964),  p.22.  Hereafter  referred  to  as  AQP  Segre,  p.22. 
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Limited  objectives  which  remained  clear  throughout  an  inves¬ 
tigation,  whether  to  calculate  a  coefficient,  measure  a  con¬ 
stant,  or  explain  a  phenomenon,  and  he  stayed  close  to  the 
phenomena  themseLves.  Conversely,  he  was  impatient  with  phil¬ 
osophy  and  metaphysics , 51  and  had  difficulty  with  physics  that 
was  excessively  abstract  and  formalized®  Segre  puts  it  like 
thi  s : 

It  was  characteristic  of. . .Fermi  to  prefer  the  analysis 
of  definite  phenomena  whose  explanation  required  a  recon¬ 
dite  use  of  known  principles,  imagination,  and  subtlety* 
He  did  not  strive  for  major  syntheses--or  perhaps  was 
unable  to  accomplish  them;  often  he  was  content  with 
phenomeno logical  theories. .. Even  in  his  major  theoretical 
triumphs,  the  statistics  and  the  theory  of  beta  decay, 
he  stays  very  close  to  particular  problems. 52 

Fermi’s  paper  on  the  quantum  theory  of  radiation  provides 
an  excellent  illustration  of  this  aspect  of  his  style,  which 
had  many  ramifications.  It  begins  with  a  simple  physical  ana¬ 
logy  of  the  radiation  reaction:  the  atom  is  represented  as 
a  pendulum,  the  light  wave  as  a  string,  with  the  two  connected 
by  an  elastic  thread;  the  oscillation  of  either  one  at  the 
proper  frequency  will  cause  the  other,  initially  at  rest,  to 
oscillate  as  well,  corresponding  to  emission  in  one  case  and 
absorption  in  the  other.  Having  established  the  physical  pro¬ 
cess  on  an  intuitive  Level,  Fermi  then  proceeds  to  discuss 
the  intricacies  of  Dirac’s  theory,  this  being  the  part  he 
found  most  difficult.  The  most  interesting  and  characteristic 

| 

part  of  the  paper  is  its  final  section,  in  which  Fermi  gives 
applications  of  the  highly  abstract  ideas  to  concrete  phenom¬ 
ena:  emission  of  Light  from  an  excited  atom,  propagation  of 


Light  in  a  vacuum,  Lippman  fringes,  Doppler  effect,  and  Comp- 
51PFI  12,  p.2.  -52Segre,  op.  cit . ,  p.23« 
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ton  effect;  in  addition,  he  includes  references  to  stiLL  more 
applications.  To  Fermi,  this  was  the  most  important  section 
of  the  paper,  for  it  was  just  through  such  concrete  applications 
that  he  himself  came  to  grips  with  Dirac’s  abstractions,  much 
the  same  way  that  beta  decay  helped  him  with  the  creation  and 
destruction  operators. 

This  example  raises  several  different  but  closeLy  related 
sty Listic  issues  Listed  in  chapter  two.  First  is  the  impor¬ 
tance  of  physical  insight  in  Fermi’s  approach,  a  feature  that 
was  present  at  a  very  young  age,  when  Fermi  told  Amidei,  "I 
studied  mathematics  with  a  passion  because  I  considered  it 
necessary  to  the  study  of  physics,  to  which  I  want  to  dedicate 
myself  exclusively. "53  Segre  writes: 

Fermi,  although  never  repulsed  or  frightened  by  any 
mathematical  difficulty,  does  not  seek  elegant  math¬ 
ematics  for  its  own  sake.  Whether  a  theory  is  easy  or 
difficult  does  not  seem  to  concern  him;  the  important 
point  is  whether  or  not  it  illuminates  the  essential 
physical  content  of  the  situation. 5^ 

Thus,  Fermi  turned  from  the  study  of  relativity  to  the  study 
of  the  quantum  in  the  earLy  1920 ’s  because  of  the  greater 
physical  content  of  the  Latter,  and  was  greatly  excited  by 
Rutherford’s  work  on  the  nucleus  and  its  obvious  physicaL  im¬ 
plications.  55  Heisenberg’s  matrix  mechanics,  which  was  posi¬ 
tivistically  formulated  specifically  to  avoid  reference  to  any 
underlying  "reality”,  frustrated  Fermi  completely:  "I  don’t 
understand  what’s  behind  it, "56  on  the  other  hand,  Schrodinger’ s 
wave  mechanics  appealed  to  Fermi  immediately  because  he  could 

53Amidei,  Letter  to  Segre,  loc.  cit »  Emphasis  in  original. 

5^FP,  Biog.  Intro.,  p.Lii. 

55segr^,  op.  cit. t  p.24. 

5&AQP  Rasetti  I,  p.l6. 
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conceive  of  the  phenomenon  in  terms  with  which  he  was  familiar 
for  example,  radiation  could  be  seen  as  an  interference  effect 


between  two  wave  functions , 57 


A  corollary  of  this  reliance  on  physical  insight  is  the 
simplicity  and  naturalness  it  conferred  on  Fermi* s  work,  qual¬ 
ities  that  impressed  everyone  who  came  in  contact  with  him® 
When  teaching,  Fermi  avoided  the  use  of  formalisms  as  much  as 
possible,  saying  in  just  that  these  were  for  the  "high  priests 
often  he  would  go  back  to  quite  elementary  physics  in  the  pro¬ 
cess  of  solving  a  problem, -59  and  it  was  said  that  Fermi  could 
reduce  any  problem  in  physics  to  one  of  seven®08  A  colleague 
makes  this  stylistic  comparisons 

If  you  read,  the  papers  of  Dirac  or  Heisenberg,  Let*s 
say  especially  Dirac,  you’d  come  out  at  the  end  and  say, 
"Well,  my  God,  how  could  this  guy  think  of  that  one? 

I  mean,  this  is  unheard  of®"  Whereas  if  you  read  a 
paper  of  Fermi’s,  your  reaction  would  be,  "That’s  so 
obvious,  why  didn’t  I  think  of  it?"  That  was  a  very 
striking  difference®01 

A  student  expresses  essentially  the  same  contrast  in  a  dif¬ 
ferent  ways 

He  had  what  I  would  call  a  simple  approach  to  physics s 
if  you  can  explain  something  simply  and  sort  of  half- 
intuitively  without  using  advanced  formal  mathematics, 
it’s  all  the  better  to  do  it  that  way.*»The  kind  of  style 
that  Fermi  had..® is  just  the  opposite  of  a  formal  math¬ 
ematician,  °2 

Hans  Bethe  admired  Fermi’s  style  very  much,  and  it  is  worth 

quoting  his  comments  on  it  at  some  length  because  of  their 

relevance  to  the  question  of  the  obsessive-compulsive  styles 

My  greatest  impression  of  Fermi’s  method  in  theoretical 
physics  was  of  its  simplicity®  He  was  able  to  analyze 
into  its  essentials  every  problem,  however  complicated  it 


5?lbid®,  II,  p.l® 

■5 8 Yang  in  FP  II,  p»6?3® 

59ffi  26,  p®3® 


6oFFI  26,  p.l. 
6lFFI  25,  p . 1 3 . 

62ffi  14,  p. 5, 


seemed  to  be.  He  stripped  it  of  mathematical  complic¬ 
ations  and  of  unnecessary  formalism.  In  this  way,  often 
in  half  an  hour  or  less,  he  could  solve  the  essential 
physical  problem  involved.  Of  course  there  was  not  yet 
a  mathematically  complete  solution,  but  when  you  left 
Fermi  after  one  of  these  discussions,  it  was  clear  how 
the  mathematical  solution  should  proceed. 

This  method  was  particularly  impressive  to  me  because 
I  had  come  from  the  school  of  SommerfeLd  in  Munich  who 
proceeded  in  all  his  work  by  complete  mathematical  sol¬ 
ution.  Having  grown  up  in  SommerfeLd *s  school,  I  thought 
that  the  method  to  follow  was  to  set  up  the  differential 
equation  for  the  problem  (usually  the  Schroedinger  equation), 
to  use  your  mathematical  skill  in  finding  a  solution  as 
accurate  and  elegant  as  possible,  and  then  to  discuss 
this  solution.  In  the  discussion,  finally,  you  would 
find  out  the  qualitative  features  of  the  solution,  and 
hence  understand  the  physics  of  the  problem®. .It  would 
usually  take  several  months  before  you  knew  the  answer  to 
the  question® 

It  was  extremely  impressive  to  see  that  Fermi  did 
not  need  all  this  Labor.  The  physics  became  clear  by  an 
ana  Lysis  of  the  essentials,  and  a  few  order-of-magnitude 
estimates.  His  approach  was  pragmatic. .. °3 

Bethe  has  here  clearly  characterized  SommerfeLd ?s  style  in 
physics  in  classic  obsessive-compulsive  terms;  it  was  rigid, 
ritualized,  Laborious,  elaborate,  complex,  obfuscating,  and  as 
far  removed  from  the  direct  experience  of  reality  as  possible. 

WTe  are  thus  confronted,  with  another  instance  in  which  Fermi 9  s 
approach  to  physics  seems  rather  the  opposite  of  the  general 
styLe  we  have  attributed  to  him.  However,  the  key  to  this 
apparent  paradox  also  Lies  within  Bethe 9 s  description,  and  that 
Is  the  word  "pragmatic”.  It  should  be  recalled  that  in  the 
Last  chapter  a  similar  anomaly  was  noted  in  Fermi 9 s  style,  nameLy 
that  while  it  was  clear  that  his  behavior  could  generaLLy  be 
classified  as  obsessive,  it  was  nevertheless  also  clear  that 
Fermi  did.  not  show  the  typical  obsessive  tendencies  toward  pon¬ 
derousness,  formaLity,  indecision,  rigidity,  and  dogmatism  in 
his  everyday  behavior,  but  rather  their  opposites®  I  tried 


^Hans  Bethe, 

pp.  59-60, 
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then  to  account  for  this  apparent  inconsistency  as  a  variant 
of  the  obsessive  style  consistent  with  Fermi’s  more  urgent 
need  to  demonstrate  and  exercise  control®  In  addressing  the 
anomaly  of  Fermi’s  flexible,  incisive,  direct  scientific  style, 
I  be  Li eve  the  same  argument  applies®  We  have  already  seen  how 
a  difficult  problem  in  physics  was  perceived  by  Fermi  as  a 
challenge,  where  to  fail  to  respond  and  overcome  the  diffi¬ 
culty  would  be  an  adjnission  of  inadequacy,  of  the  inability 
to  exert  control  over  the  environment®  Once  the  physical  con¬ 
tent  of  a  problem  was  illuminated,  the  environmental  threat 
it  represented  was  eliminated.  Therefore,  the  most  appro¬ 
priate  style  for  Fermi  was  one  in  which  the  physical  content 
of  a  problem  was  revealed  in  the  shortest  time  possible;  to 
remain  suspended  in  mathematical  nebulousness  was  intolerable 
while  the  threat  still  existed,  but  could  be  attended  to  with¬ 
out  anxiety  once  the  physical  essentials  were  clear®  If  the 
physical  essentials  could  not  be  made  clear,  as  with  matrix 
mechanics  and  the  uncertainty  principle,  the  problem  had  to 
be  avoided  entirely.  This  soLution  is  quite  reminiscent  of 
Fermi’s  ordinary  behavior,  where  he  was  willing,  nay  eager,  to 
take  on  any  contest  in  which  he  had  calculated  a  high  prob¬ 
ability  of  success,  but  loath  to  engage  himself  in  any  uncer¬ 
tain  situation  in  which  he  could  not  control  the  outcome® 

This,  I  believe,  is  what  is  implied  by  Bethe’s  descrip¬ 
tion  of  Fermi’s  style  as  "pragmatic".  It  can  easily  be  guessed 
that,  by  extension,  any  technique,  formula,  concept,  or  tool 
that  contributed  to  the  rapid  solution  of  a  problem  wouLd.  be 
acceptable  to  Fermi;  in  fact,  Fermi’s  indiscriminate  use  of 
whatever  was  available,  regardless  of  antiquity,  homeLiness, 
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or  philosophical  incongruity,  provided  it  contributed  to  the 
solution  of  problems,  earned  him  the  epithet  "quantum  engineer" 
from  Wolfgang  Pauli 64  (whose  neutrino  hypothesis,  incidenta Lly , 
Fermi  hybridized  with  the  technique  of  second  quantization  of 
fields  to  produce  the  theory  of  beta  rays).  This  startling 
Lack  of  commitment  to  any  general  approach,  with  the  choice 
of  method  impartial  and  based  only  on  the  logical  requirements 
of  each  problem  and  considerations  of  efficiency,  is  highly 
reminiscent  of  Fermi’s  lack  of  commitment  on  questions  of 
political  ideology  and  his  apparent  lack  of  aesthetic  preference. 
Contrast  this  style,  in  which  Fermi  sought  to  discover  the 
physical  significance  of  his  equations  at  the  outset  to  make 
sure  that  the  difficult  mathematics  was  worth  doing,  65  with 
that  of  Dirac,  who  could  state  with  equanimity  that  "it  is 
more  important  to  have  beauty  in  one’s  equations  than  to  have 
them  fit  experiment ; "66  or  with  that  of  Einstein,  for  whom 
physics  was  a  kind  of  cosmic  religion, 6?  whose  investigation 
Leading  to  the  theory  of  relativity  was  undertaken  because  of 
an  asymmetry  in  Maxwell’s  equations, 68  anc}  who  replied,  when 
asked  what  if  there  had  been  no  confirmation  of  the  general 
theory  by  the  1919  so Lar-eclipse  observations,  "Then  I  would 

6^This  comment  is  mentioned  in  the  "Second  Exploratory  Conf¬ 
erence  on  the  History  of  Nuclear  Physics,"  op.  cit, ,  p.78. 

66p.A.M.  Dirac,  "The  Evolution  of  the  Physicist’s  Picture  of 
Nature,"  Scientific  American,  vol,  CCVIII,  no.  5  (May,  1963), 
pp. 45-53.” 

^^Bethe,  letter  to  Segre,  quoted  in  Segre,  ojo,  cit. ,  p.60. 

^Albert  Einstein,  "Religion  and  Science,"  in  Ideas  and  Opinions, 
based  on  Mein  Weltbild,  ed.  Carl  SeeLig,  and  other  sources, 
new  trans.  and  rev.  by  Sonja  Bargmann  (New  Yorks  Crown  Pub¬ 
lishers,  1954),  p.38. 

68”It  is  known  that  Maxwell’s  eLectrodynamics--as  usually  under¬ 
stood  at  the  present  time--when  applied  to  moving  bodies, 
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have  been  sorry  for  the  dear  Lord--the  theory  i_s  correct ;  "69 
or  with  that  of  Bohr,  who  wouLd  take  Literal Ly  years  to  write 
a  paper,  during  which  time  a  probLem  wouLd  change  many  times 
and  be  tote.LLy  unrecognizable  from  the  originaL  by  the  time  it 
was  published, 70  whose  Principle  of  Complementarity  hoLds  that 
there  are  situations  at  the  microscopic  Level  which  are  fund¬ 
amentally  not  understandable  in  terms  of  the  familiar  images 
of  classical  physics,  and  who  did  not  accept  Fermi !s  theory 
of  beta  decay  at  first  because  he  ’’had  it  in  his  mind  that 
there  was  some  profound  problem  with  neutrinos  and  energy  and 
so  on,  and  didn’t  want  to  have  it  solved,  except  in  a  mystical 
and  deep  way.  It  was  solved  by  Fermi  in  too  elementary  a  w&y»"?l 
Another  facet  of  Fermi’s  pragmatic  scientific  style  was 
his  willingness  to  abandon  precision  in  contexts  where  approx¬ 
imation  would  suffice,  again  a  reversal  of  typical  obsessive 
traits.  He  was  good  at  making  order- of -magnitude  calculations 
in  his  head  for  purposes  of  a  discussion, 72  and  also  had  a  tal¬ 
ent  for  devising  quick  methods  of  calculation  that  yielded  num¬ 
bers  accurate  enough  for  the  practical  purposes  at  hand;  this 
taLent  was  an  invaluable  aid  in  the  construction  of  the  first 

Leads  to  asymmetries  which  do  not  appear  to  be  inherent  in 
the  phenomena,"  Einstein,  "On  the  Electrodynamics  of  Moving 
Bodies,"  in  The  Principle  of  Relativity:  a  Collection  of  Orig¬ 
inal  Memoirs  on  the  Special  and  General  Theory  of  ReLativity. 
ed,  H.A.  Lorentz,  A.  Einstein,  H.  Minkowski,  and  H.  Weyl, 

trans,  W.  Perrett  and  G.B,  Jeffery,  with  notes  by  A,  Sommer- 
feld  (New  York:  Dodd,  Mead  and  Co,,  1923)*  p®37» 

69lLse  Rosentha'L-Schneider,  quoted  by  Gerald  Holton  in  "Mach, 
Einstein,  and  the  Search  for  Reality,"  DaedaLus ,  voL,  XCIX 
(Spring,  1968),  p.653, 

?°Ruth  Moore,  NleLs  Bohr  (New  York:  ALfred  A.  Knopf,  1966),  p.127. 

7^- "Second  Exploratory  Conference  on  the  History  of  Nuclear 
Physics",  p«75® 

7 2 FFI  3,  p.4. 
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nuclear  pile,  where  specif ications  were  needed  but  theory  was 
not  developed  fully  enough  to  offer  an  exact  means  of  calcul¬ 
ation.  73  Fermi  occasionally  published  such  methods,  which 
then  became  quite  widely  used  and  appreciated, 74  for  example, 
his  "age  theory"  of  neutron  diffusion^  and  the  Thomas- Fermi 
statistical  model  of  the  atom. 76 

Fermi’s  pragmatic  style  is  even  more  apparent  in  his  exper¬ 
imental  work  than  in  his  theoretical.  There  is  an  amusing  anec¬ 
dote  about  a  problem  in  qualitative  analysis  which  Fermi  was 
given  in  his  chemistry  course  at  Pisa.  A  mixture  of  Crystal- 
Line  compounds  was  to  be  identified  by  following  a  protocol  of 
precipitations  and  extractions  that  promised,  to  be  quite  ted¬ 
ious;  in  addition,  the  chemistry  Lab  was  crowded  and  hot. 

Fermi  took  his  crystals  to  another  building  and  identified  the 
compounds  by  color  and  crystal  shape  under  a  microscope.?? 

Fermi  always  designed,  equipment  only  for  the  investigation  of 
the  problem  at  hand;  it  would  work  just  Long  enough  to  get  the 
job  done,  and  then  fall  apart;78  it  was  never  more  sophisti¬ 
cated  than  necessary.  One  colleague  coined  the  term  "Fermi 
bearing"  for  a  quarter-inch  shaft  in  a  five- eighths- inch  hole.?9 
Again  we  see  the  typical  obsessive  traits  of  meticulousness  and 
precision  give  way  to  the  powerful  drive  to  get  results  fast. 
Quite  analogous  to  the  contrasts  drawn  above  with  the  styles 
of  theoretical  physicists,  the  contrast  between  Fermi’s  exper¬ 
imental  styLe  and  that  of  other  experimentalists  is  quite  clears 

73segre,  o£.  clt . ,  p.109® 

7^Bethe,  ibid. ,  p,60. 

75 FP  118. 

?6fp  43, 


77ffi  16,  pp.1-2 
78FFI  2?,  p. 12. 
79jBid. .  p.4. 
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take  for  example  the  style  typified  by  Lawrence,  one  of  the 
chief  developers  of  the  cyclotron  and  subsequent  generations 
of  atom-smashers.  Here  the  apparatus  itself  was  the  major  focus 
of  attention;  one  built  the  biggest  and  best  machine  possible, 
then  looked  for  experiments  to  do  with  it.®®  Fermi  Liked  the 
high-energy  machines,  but  only  for  what  they  could  be  used  for; 
after  the  war  he  contented  himself  with  the  study  of  cosmic 
rays,  the  physics  of  which  is  similar  to  the  physics  of  par¬ 
ticles  produced  in  accelerators,  until  the  appropriate  machines 
were  built. 

Probably  the  most  impressive  illustration  of  Fermi’s  use 
of  the  simplest  technique  to  get  the  fastest  results  is  one  that 
was  mentioned  in  the  last  chapter:  the  dropping  of  paper  bits 
to  measure  the  force  of  the  first  atom-bomb  blast  in  history. 

He  had  prepared  a  table  beforehand  relating  the  distance  of 
displacement  of  the  bits  of  paper  to  the  strength  of  the  blast, 
and  so  knew  the  answer  only  moments  after  the  blast  had  occurred. 
The  official  result,  computed  from  the  readings  of  sensitive 
and  highly  sophisticated  instruments,  was  not  available  for 
several  days,  and  did  not  differ  significantly  from  Fermi’s,0" 

A  sense  of  the  psychological  meaning  of  this  style  to 
Fermi  comes  through  in  an  anecdote  about  an  argument  between 
Fermi  and  Rasetti.  The  latter  was  considered  a  very  elegant 
experimentalist,  and  showed  rather  typical  obsessive  traits  of 
meticulousness  etc. : 

®°Nuell  Pharr  Davis,  Lawrence  and  Oppenheimer  (New  York:  Simon 
and  Shuster,  1968).  pp. 30-76  and  passim. 

®lSegre,  op.  cit . .  p.l6?. 

82Ibid. ,  p.14?. 
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Pontecorvo  (a  student  in  the  Rome  group)  recounts  that 
Rasetti  once  criticized  an  experimental  apparatus,  ex- 
cLaiming  to  Fermi,  "You  do  unpardonable  things  in  the 
Laboratory.  Look  at  that  e Lectrometer.  You  wouLd  smear 
it  with  ’chicken’s  bLood*  (slang  for  a  reddish,  disgusting- 
looking  paste  used  in  the  laboratory)  if  you  thought  it 
would  help  your  results.  Admit  it!"  Fermi  replied  calmLy, 
Of  course,  I  wouLd  dunk  aLL  the  electrometers  In  the  lab¬ 
oratory  in  chicken’s  blood  if  I  thought  we’d  Learn  some¬ 
thing  essentiaL. '*83 

The  strength  of  the  fecal  imagery  is  too  much  to  resist  here, 
and  leads  to  some  interesting  speculation  a  Long  classic  Freudian 
Libidina L-fixation  lines.  The  obsessive-compulsive  person,  of 
course,  is  considered  to  be  fixated  in  the  anal-retentive  phase 
of  Libidinal  development,  and  thus  typically  manifests  a  horror 
of  messiness  (though  unconsciously  harboring  the  desire  to 
smear  his  feces  aLL  over  everything),  and  reacts  as  Rasetti  does 
in  the  chicken* s-bLood  anecdote.  The  fact  that  Fermi  freely 
admits  his  willingness  to  smear  "feces”  suggests  that  his  fix¬ 
ation  is  somewhat  different.  I  will  offer,  for  what  it  is 
worth,  the  following  analysis,  with  the  heLp  of  Erikson’s  con¬ 
cept  of  "organ  modes" the  smearing  of  feces  in  order  to 
accomplish  a  specific  end  (learning  something  essential)  repre¬ 
sents  an  example  of  the  anal-intrusive  mode,  as  contrasted  with 
the  anal-retentive  and  anal-expulsive  modes;  this  adjustment 
most  commonly  comes  about  as  a  regression  from  the  phallic 
phase  of  libidinal  development,  in  which  intrusiveness  is  the 
organ-appropriate  mode  of  behavior;  regression  occurs  because 
of  anxiety  encountered  in  the  phallic-intrusive  phase.  That 
Fermi’s  principal  anxieties  center  around  this  phase  is  appar¬ 
ent  from  his  history  (unsuccessful  rivalry  with  his  brother  for 

83Ho'Lton,  "How  to  Strike  Scientific  Gold",  ojd,  cl t. «  p.l63. 

84 


Erik  II,  Erikson,  Childhood  and  Society  (New  York:  W.W.  Norton, 
1950). 
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his  mother),  his  characteristic  defenses  (compensation  for 
feelings  of  inferiority),  and  conflicts  (fear  of  being  con¬ 
spicuous  vs.  desire  to  show  off).  Srikson's  description  of 
this  stage  (initiative  vs.  guilt)  is,  as  always,  particularly 
apt  s 

The  ambulatory  stage  and  that  of  infantile  genitality  add 
to  the  inventory  of  basic  social  modalities  that  of  "mak¬ 
ing"...;  it  suggests  pleasure  in  attack  and  conquest... 

The  danger  of  this  stage  is  guilt  over  the  goals  contem¬ 
plated  and  the  acts  initiated ... Infantile  jealousy  and 
rivalry ...  now  come  to  a  climax  in  a  final  contest  for  a 
favored  position  with  the  mother;  the  usual  failure  leads 
to  resignation,  guilt,  and  anxiety. ..In  adult  pathology, 
the  residual  conflict  over  initiative  is  expressed  either 
in  hysterical  denial..®;  or  in  overcompensatory  showing 
off,  in  which  the  scared  individual,  so  eager  to  "duck", 
instead  "sticks  his  neck  out. "85 

Perhaps  this  is  facile;  but  for  those  who  find  this  type  of 
argument  persuasive,  I  will  add  that  it  provides  an  explan¬ 
ation  for  the  fact  that  Fermi’s  preoccupation  with  control  was 
not  associated,  with  typical  obsessive-compulsive  inhibition  of 
autonomy,  but  rather  with  an  excessive  drive  toward  initiative, 
and  thus  also  for  what  I  have  been  calling  "anomalous"  and. 
"paradoxical"  in  his  style.  In  other  words,  it  may  be  that  this 
somewhat  unusual  libidina'L  conf iguration  contributed  in  Large 
measure  to  the  uniqueness  of  Fermi’s  style. 

wliile  I  am  running  in  a  psychoanalytic  vein  I  will  take 
the  opportunity  to  return  to  a  point  raised  in  the  Last  chap¬ 
ters  the  resemblance  of  Fermi’s  styLe  to  the  mode  of  thought 
characteristic  of  Latency,  and  the  claim  that  this  represents 
a  regression  from  the  threat  of  adolescence  just  beginning  at 
the  time  of  GiuLio’s  death.  Anna  Freud's  distinctions  between 
Latency  and  adolescence  apply  even  more  clearly  to  Fermi’s 


85lbid. ,  pp. 255-57 
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scientific  style  than  to  his  general  behavioral  style;  his 
direct,  goal-oriented,  productive,  concrete  approach  to  physics 
is  exact Ly  as  she  has  described  for  Latency,  while  the  con¬ 
trasting  abstract  styLes  of  Dirac,  Einstein,  and  Bohr  as  des¬ 
cribed  above,  with  their  delight  in  pure  thought  for  thought’s 
sake,  fit  better  with  her  description  of  adoLescence.  Latency, 
of  course,  foLLows  the  phallic  or  OedipaL  stage  of  libidinaL 
development,  which  I  have  just  indicated  was  the  most  crucial 
in  understanding  Fermi’s  style.  There  is  every  reason  to  be¬ 
lieve  that  Latency,  with  its  repression  of  the  instincts,  offerred 
Fermi  a  most  welcome  reprieve  from  the  intensity  of  the  Oed¬ 
ipaL  confLict  of  the  previous  period,  and  the  evidence,  scant 
though  it  be,  points  to  this  period  as  a  happy  one  for  him. 
with  the  reemergence  of  the  instincts  at  the  onset  of  puberty, 
we  can  suppose  that  the  intense  rivalry  of  the  OedipaL  period 
returned  to  disturb  Fermi,  and  that  the  death  of  his  brother 
would  therefore  have  an  especially  power-fuL  impact  in  terms  of 
guilt  and  castration-anxiety ,  A  retreat  to  the  repressed  stage 
of  Latency  is  especiaLLy  understandable  from  this  point  of  view. 

Srikson  refers  to  Latency  as  the  age  of  industry  vs.  infer¬ 
iority.  Once  again  his  words  are  particularly  apt  for  Fermi: 

The  child  must  forget  past  hopes  and  wishes,  while  his 
exuberant  imagination  is  tamed  and  harnessed  to  the  Laws 
of  impersonal  things. ..He  has  experienced  a  sense  of 
finality  regarding  the  fact  that  there  is  no  workable 
future  within  the  womb  of  his  family ...  QOe  adjusts  him¬ 
self  to  the  inorganic  Laws  of  the  tool  world...  tT)  he  work 
principle  teaches  him  the  pleasure  of  work  cpmpletion  by 
steady  attention  and  persevering  diligence, °° 

Fermi’s  exceptionally  enthusiastic  embrace  of  the  work  prin¬ 
ciple  and  the  inorganic  laws  of  the  tool  worLd  can  thus  be 
understood  as  a  consequence  of  his  exceptionally  great  sense 

86 


Ibid.,  pp.258-59 
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of  finality  regarding  the  fact  that  there  was  no  workable 
future  within  the  womb  of  his  family.  This  phase  of  develop¬ 
ment  is  clearly  the  most  successfully  mastered  by  Fermi,  The 
fact  that  Erikson’ s  use  of  "inf eriority "  for  the  result  of 
failure  to  master  it  coincides  with  my  attribution  of  a  sense 
of  "inf eriority "  to  Fermi  should  not  be  taken  as  evidence 
against  this  conclusion.  Fermi's  sense  of  inferiority  derived 
from  the  previous  stage,  and  was  presumably  specifically  related 
to  anatomy,  i.e.,  the  possession  of  inferior  genitalia;  Erikson 
refers  to  a  more  broadly  based,  social  sense  of  inferiority: 

If  Cthe  child!  despairs  of  his  tools  and  skills  or  of  his 
status  among  his  tool  partners,  he  may  be  discouraged  from 
identification  with  them  and  with  a  section  of  the  tool 
world.  To  lose  the  hope  of  such  "industrial"  association 
may  pull  him  back  to  the  more  isolated,  less  tool-conscious 
rivalry  of  the  oedipal  time.0? 

Clearly,  although  Fermi  may  have  despaired  of  his  skills  in 
relation  to  Giulio,  he  was  quite  successful  in  relation  to 
his  peers  (always  at  the  top  of  his  class)  and  received  recog¬ 
nition  together  with  GiuLio  for  their  numerous  cooperative  pro¬ 
jects,  Indeed,  manipulating  the  inanimate  environment  seems 
the  only  area  in  which  Fermi  felt  himself  to  be  adequate;  his 
constant  repetition  of  the  proof  of  this  fact  as  an  adult  could 
be  viewed  in  this  light  as  a  repetitive-compulsive  ritual  whose 
value  Lay  in  controlling  the  fee  Lings  of  inferiority  remaining 
from  the  earlier,  unresolved  conflict. 

Before  leaving  the  murky  waters  of  psychoanalytic  theory, 

I  would  like  to  quote  Erikson  once  more,  this  time  with  regard 
to  the  dangers  of  an  overdeveloped  sense  of  industry: 


8?Ibid. ,  p.260 
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But  there  Is  another,  more  fundamental  danger,  namely 
man’s  restriction  of  himself  and  constriction  of  his 
horizons  to  include  only  his  work  to  which,  so  the  Book 
says,  he  has  been  sentenced  after  his  expulsion  from 
paradise.  If  he  accepts  work  as  his  only  obligation, 
and  "what  works"  as  his  only  criterion  of  worthwhileness, 
he  may  become  the  conformist  and  thoughtless  slave  of 
his  technology  and  of  those  who  are  in  a  position  to 
expLoit  it®  00 

The  relevance  of  this  passage  to  Fermi  is  obvious s  much  of  this 
chapter  has  been  devoted  to  the  demonstration  that  "what  works" 
was  his  only  criterion  of  worthwhileness.  One  could  not  think 
of  a  more  classic  example  of  someone  who  has  become  a  "thought¬ 
less  slave  of  his  technology  and  of  those  who  are  in  a  position 
to  exploit  it"  than  a  scientist  whose  work  was  crucial  in  the 
development  of  the  atomic  bomb;  one  is  therefore  forced  to 
consider  the  possible  social  importance  of  psychological  and 
stylistic  Issues  in  science, 

I  have  now  come  full  circle,  having  started  out  with  a 
certain  understanding  of  Fermi’s  psychological  style  and  attemp¬ 
ting  to  use  it  to  understand  his  scientific  style,  and  ending 
by  using  his  scientific  style  to  gain  a  further  understanding 
of  his  psychological  style®  I  have  also  begun  to  touch  on 
issues  of  somewhat  broader  signif icance ;  it  is  to  a  further 
consideration  of  these  that  I  turn  in  the  final  chapter. 


881-bid, ,  pp. 260-61 
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CHAPTER  V 


CONCLUSION 

My  original  aims  in  writing  this  essay  were  to  demonstrate 
a  consistency  of  style  between  one  man’s  approach  to  physics 
and  his  approach  to  Life  in  general,  and  to  show  how  psychol¬ 
ogical  factors  can  influence  scientific  creativity,  I  beLieve 
I  have  Largely  achieved  these  aims,  and  in  so  doing  I  have  res¬ 
ponded  to  Kubie’s  plea  of  many  years  ago  for  in-depth  studies 
of  individual  scientists,11 

However,  in  my  study  of  Fermi  I  have  chosen  not  to  use  the 
concept  of  "masked,  neurotic  components  of  personality"  which 
Kubie  uses,  preferring  instead  to  adopt  a  more  neutral  concept, 
that  of  "style".  This  is  not  a  purely  semantic  distinction,  for 
the  implication  of  Ruble’s  attribution  of  neurosis  to  the  sci¬ 
entist  is  that  it  is  something  that  may  be  presumed  to  inter¬ 
fere  with  his  creativity,  whereas  I  have  found  with  Fermi  that 
much  of  his  creative  strength  as  a  scientist  can  be  traced  to 
his  characteristic  style,  which  might  otherwise  be  held  to  be 
maladaptive,  i.»e®,  neurotic.  No  doubt  this  is  the  exception 
to  the  rule;  I  expect  that  if  one  were  to  select  scientists  at 
random,  rather  than  choosing  to  study  those  who  have  been  extra¬ 
ordinarily  successful,  one  would  find  that  their  personalities 
tended  to  be  rather  more  Liabilities  than  assets.  On  the  other 


ISee  chapter  one,  pp.4-5»  and  footnote  7 
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hand,  perhaps  by  analyzing  in  detail  the  few  very  successful 
scientists  one  may  arrive  at  some  observations  which  are  of 
use  to  the  many  average  scientists. 

The  study  of  the  obsessive-compulsive  style  should  be 
especially  important  in  this  respect,  for  this  is  without  a 
doubt  by  far  the  most  prevalent  psychological  style  among  sci- 
entists,  and  it  is  a  style  which  in  many  ways  can  be  inimical 
to  creativity. 3  if  creativity  requires  an  openness  to  exper¬ 
ience,  an  ability  to  react  spontaneously  and  directly  to  the 
environment ,  a  freedom  from  preconceived  ideas,  a  flexibility 
and  fluidity  of  thought  (and  most  authors  on  creativity  believe 
that  it  does**-),  then  the  obsessive* s  rigidity,  narrow  focus  of 
attention,  doubting,  and  dogmatism  will  make  it  very  difficult 
for  him  to  be  creative.  But  if  somehow  he  manages  to  circum¬ 
vent  these  traits,  as  I  have  tried  to  show  that  Fermi  did, 
then  his  exceptional  capacity  for  work,  his  ability  to  analyze 
in  detail,  and  his  prodigious  memory  may  be  freed  for  creative 
purposes. 

There  are  presumably  many  ways  in  which  the  obsessive- 
compulsive  style  may  be  put  to  good  use  in  science,  Fermi’s 


^See  such  psychometric  studies  as  McClelland,  "The  Calculated 
Risks  an  Aspect  of  Scientific  Performance,"  in  Taylor  and 
Barron,  eds.,  ojo.  cit.  j  R.B.  Cat  tell  and  J.E.  Drevdahl,  "A 
Comparison  of  the  personality  profile  (16  F.F.)  of  eminent 
researchers  with  that  of  eminent  teachers  and  administrators, 
and  of  the  general  population, "  British  Journal  of  Psychology, 
vol.  XL VI  (1955)s»  pp.  248-261 5  L.M.  Terman,  "Scientists  and  non¬ 
scientists  in  a  group  of  800  gifted  men,"  Psychological  Mono¬ 
graphs,  vol.  LXVIII  (195*0 »  no.??  and.  R.C.  Teevan,  "Personality 
correlates  of  undergraduate  field  of  specialization,"  Journal 
of  Consulting  Psychology,  vol®  XVIII  (195*0  9  pp. 212-218. 

3beon  SaLzmann,  The  Obsessive  Personality;  Origins.  Dynamics 
and  Therapy  (New  York:  Science  House,  1968);  Storr,  op.  cit, 

^See  studies  listed  in  chapter  two,  p*33»  footnote  11. 
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being  only  one.  As  another  example  I  wi  L  L  mention  just  briefly 
Niels  Bohr  without  going  into  specifics  (which  would  require 
another  study  as  extensive  as  the  present  one  of  Fermi Bohr's 
type  of  obsessive  style  was  quite  different  from  Fermi's:  rather 
than  an  intensely  competitive,  ambitious,  pragmatic  individual, 
Bohr  was  mi  Id-mannered ,  self-effacing,  and  contemplative.  His 
obsessiveness  manifested  itself  most  clearly  in  the  extreme 
difficulty  he  had  in  completing  any  piece  of  work,  always  want¬ 
ing  to  do  "just  one  more  experiment",  to  rework  an  idea  over 
and  over.  One  might  expect  such  a  trait  to  be  a  formidable 
barrier  to  productivity  in  science;  indeed,  it  is  probably  one 
of  the  most  common  of  such  barriers,  and.  is  mentioned  specif¬ 
ically  by  Kubie.^  Yet  Bohr  was  abLe  to  turn  this  liability 
into  an  asset,  for  each  time  that  closure  of  a  subject  was  post¬ 
poned,  Bohr  would  probe  deeper  and  deeper  into  it,  thereby 
achieving  some  of  the  most  penetrating  insights  and  profound 
revolutions  in  the  history  of  physics. 

The  question  of  how  such  reversals  take  place  is  an  ex¬ 
tremely  puzzling  one,  embodying  as  it  does  some  of  the  most 
fundamental  issues  of  psychotherapy  and  neurosis.  One  is  tempted 
to  beg  the  question  and  fall  back  on  the  concept  of  "genius", 
which  is  equivalent  to  admitting  that  there  is  no  way  to  explain 
such  phenomena  as  Fermi  and  Bohr,  Certainly  the  vast  Literature 
on  creativity,  the  creative  drive,  the  creative  personality,  and 
the  creative  process  offer  Little  help,  and  tend  to  confuse  the 
picture  rather  more  than  to  clarify  it.  Yet  one  feels  that 

5see  Moore,  ojd.  ci_t • ,  and  Stefan  RozentaL,  ed.,  Niels  Bohr:  His 

Life  and  Nork  as  Seen  by  His  Friends  and  Colleagues  (Amsterdam: 

North  Hoi  Land  Publishing  Co,”  19^7  ) , 

^Kubie,  ojd,  cit . ,  P»598. 
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there  must  be  some  Lesson  here  for  the  average  scientist  too, 
Kubie  argues  persuasively  that  any  scientist,  or  any  person  for 
that  matter,  shouLd  be  able  to  benefit  in  terms  of  creativity 
from  being  made  conscious  of  his  neurotic  tendencies  through 
psychotherapy, 7  The  fact  that  Fermi  was  conscious  of  his  own 
limitations  as  a  theorist  and  deliberately  engineered  a  program 
of  research  that  would  make  maximal  use  of  his  strengths  has 
already  been  noted;  while  this  is  perhaps  not  the  same  type  of 
self-knowledge  that  Kubie  has  in  mind,  it  still  i L Lust rates 
how  creativity  may  be  altered  self-consciously  and  thus  is  not 
entireLy  a  function  of "genius," 

There  is  another  important  point  to  be  made  about  creativity 
in  science:  it  is  not  a  single  entity.  Rather,  there  are  many 
different  styles  of  creativity,  all  of  which  are  of  value,  and 
each  of  which  presumably  is  related  to  a  different  psychological 
style.  It  is  just  as  inconceivable  for  Fermi  to  have  achieved 
the  grand  syntheses  characteristic  of  Bohr  as  it  is  for  Bohr 
to  have  produced  the  vast  quantity  of  practical  information 
characteristic  of  Fermi;  I  have  already  noted  their  reactions 
to  one  another's  work  (Bohr's  refusal  to  accept  the  theory  of 
beta  decay,  Fermi's  dislike  for  the  Liquid-drop  model  of  the 
nucleus),  which  indicate  that  these  differences  of  style  are 
more  profound,  psychological ly  speaking,  than  differences  in 
manner  of  exi^ression,  One  is  inclined  to  speak  of  "higher" 
and.  "Lower"  degrees  of  creativity  when  confronted  with  stylis¬ 
tic  differences  like  this,  assigning  the  greater  vaLue  to  the 

^Lawrence  S,  Kubie,  Neurotic  Distortion  of  the  Creative  Process 
(Lawrence:  University  of  Kansas  Press,  1961 ) . 
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more  revolutionary  work*  This  is  certainLy  valid  in  a  certain 
sense:  the  great  innovators  in  science,  just  as  in  the  arts, 
are  the  ones  who  are  able  to  alter  our  perception  of  the  uni¬ 
verse  single-handed  by  virtue  of  the  force  of  their  imagin¬ 
ations,  But  in  science,  unlike  the  arts,  such  new  visions 
would  be  impossible  in  the  absence  of  the  more  plodding  work 
of  normal  science  by  scores  of  lesser  minds.  Progress  in  science 
comes  about  through  interplay  between  these  two  levels  of  crea¬ 
tivity,  This  is  not  to  say  that  there  are  only  twTo  such  levels. 
It  seems  rather  more  likely  that  there  is  a  potentially  infinite 
variety  of  scientific  styles,  each  of  which  has  its  own  strengths 
and  weaknesses  to  offer.  This  study  of  Fermi  is  only  a  begin¬ 
ning,  but  I  hope  it  has  at  least  indicated  the  importance  of 
psychological  factors  in  the  work  of  any  scientist. 
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APPENDIX 


CHRONOLOGY  OF  FERMI 9  S  LIFE 


1901  Born. 

1904  Returns  to  f ami Ly  from  wet  nurse. 

1915  Brother  dies. 

Begins  to  study  mathematics  and  physics,  under  guidance 
of  Ami del. 

1918  EnroLls  in  the  ScuoLa  NormaLe  Superiore,  Pisa. 

1919  Compiles  notebooks  on  physics  during  summer  vacation. 

1920  Accepted  into  physics  department  at  Pisa  with  Rasetti. 

1922  DipLoma  and  doctorate,  magna  cum  iaude,  from  ScuoLa  Normal 
Meets  Corbino. 

Fellowship  awarded  by  Ministry  of  Education;  goes  to 
Gottingen. 

1923  Incarico  for  course  of  mathematics  for  chemists  and  bio- 

Logists  at  Rome. 

1924  .Obtains  Rockefeller  fellowship  to  study  at  Leiden  with 

Ehrenf est . 

1925  Teaches  theoretical  mechanics  and  electricity  at  Florence. 
Experimental  work  with  Rasetti. 

1926  First  major  contribution  to  physics:  Fermi  statistics. 

Wins  competition  for  chair  of  theoretical  physics  at  Rome. 

192?  School  of  modern  physics  begins  work:  Rasetti  taken  on 
as  aiuto.  Segre  and  Amaldi  as  students. 

1930  First  visit  to  America:  summer  session  at  Ann  Arbor. 

(Return  visits  in  1933  and  1935*) 

1931  International  nucLear  physics  conference  in  Rome. 

1932  "Quantum  Theory  of  Radiation". 

1933  Theory  of  beta  decay. 

1934  Artificial  radioactivity  induced  by  neutron  bombardment. 
Lecture  tour  in  South  America. 

Discovery  of  slow  neutrons. 

1938  Nobel  Prize  in  physics. 

Accepts  a  "temporary"  position  at  Columbia  and  emigrates 
with  family  to  America. 
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1939  Studies  fission  and  neutron  production  in  uranium. 

1940  Absorption  of  neutrons  in  graphite® 

1941  Theoretical  work  on  chain  reaction® 

1942  Construction  of  first  pile  at  Chicago® s  "Metallurgical 

Laboratory";  first  chain  reaction. 

19^3  Experimental  work  at  Argonne® 

Trips  to  reactor  sites  at  Hanford  and  Oak  Ridge,  and  to 
Los  Alamos. 

1944  Moves  with  family  to  Los  Alamos. 

1945  Serves  on  "interim  Committee’s"  panel  of  technical  advisers. 

1946  Returns  to  Chicago. 

Teaching  at  University  of  Chicago. 

Neutron  work  at  Argonne. 

Prepares  for  switch  to  high-energy  physics. 

1947  Serves  on  General  Advisory  Committee  of  ASC  (until  1950)* 
Theory  of  high-energy® 

1948  Cosmic  rays. 

1949  First  visit  to  Italy  since  1938* 

Preparation  for  high-energy  experiments. 

1951  Chicago  cyclotron  begins  operation;  experimental  work. 

1953  Serves  as  president  of  the  American  Physical  Society. 

1954  Testifies  at  Oppenheimer  hearings* 

Dies. 
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